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PROFESSOR SIR GEORGE HOWARD DARWIN. 


[From The Observatory, January 1913.] 


By the lamented death of Sir George Darwin astronomy has lost from 
its ranks an investigator of rare versatility and a teacher of the most 
inspiring enthusiasm; the country has lost a man singularly fitted by 
name and by nature, to uphold the right of science to be heard in public 
affairs. In Cambridge, where he filled the illustrious Plumian Chair, he 
was engaged ceaselessly with his intricate investigations of the stability 
of rotating fluid bodies or in tracing strange periodic orbits. In the 
wider world, where Government occasionally comes into touch with 
Science, he represented his country with authority on the International 
Geodetic Association, and in all questions connected with tides he was 
appealed to by the Admiralty and the Ordnance Survey. As President 
of the British Association on its journey to South Africa he achieved a 
remarkable success. The one popular book that he wrote—his account 
of ‘The Tides-—has gone through many editions and has been translated 
into many languages. Some years ago he was elected a Corresponding 
Member of the Paris Academy of Sciences in the section of Geography: 
and he was chosen President of the International Congress of Mathe- 
maticians which assembled lately at Cambridge. 

We cannot hope in these few pages to give any account of the detailed 
achievements of this many-sided life. He was happy in that he saw 
the publication of the four splendid volumes of his collected scientific 
papers just completed by the Cambridge University Press. A considered 
appreciation of this noble monument to his learning and his industry 
we must leave to the societies of which he was a member. Here we 
will try to give some account of the man as he appeared to his pupils 
and his friends in Cambridge, and of the part he played as the repre- 
sentative of his country in the international affairs of science. 

Those who had the good fortune to know him in his pleasant home 
on the river below Newnham Mill have one universal recollection, that 
when they called upon him he was always at work, sitting in an arm- 
chair with papers on a board across the arms, and bundles of calcula- 
tions spread round upon the floor. With an air of amused resignation 
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at the difficulties of the analysis, he would go for the last stages of a 
problem by a direct frontal attack involving enormously prolonged 
calculations. His courage in the use of arithmetic carried him far be- 
yond the limits where others were stopped by the intractability of the 
general theory, and the most remarkable feature of his work was always 
the strictly numerical form of his conclusions. We may find, perhaps, 
in this characteristic an explanation of his power of prolonged interest 
in a problem. When the theory would not progress the arithmetic did, 
and the fascination of unexpected turns in a periodic orbit was a con- 
tinual incentive to further exploration. 

He was accustomed, with little reason, to make light of his mathe- 
matical power. In a paper on Lesage’s theory of gravitation he arrived 
at a point where rigorous integration was impossible, and he had to 
proceed by approximate methods for the evaluation of a complicated 
series of coefficients. The solution was in two sections, and when the two 
were brought together it was seen that the terms of even order exactly 
annulled one another, term by term. The writer was calling on him at 
the time, and was shown the curious result. “I am sure,” said Sir George, 
“that I ought to be able to see that those terms would cancel out; but I 
didn’t and I don’t.” His modest attitude of applied mathematician ap- 
pears in the address which he delivered, as President of the Royal 
Astronomical Society, in presenting the Gold Medal of the Society to 
Poincaré:— 

“The power of grasping abstract principles is the mark of the intellect 
of the true mathematician; but to one accustomed rather to deal with 
the concrete the difficulty of completely mastering the argument is 
sometimes great. To the latter class of mind the easier process is the 
consideration of some simple concrete case, and the subsequent ascent 
to the more general aspect of the problem.” With the necessary allow- 
ance for self-depreciation this passage defines very well the attitude of 
Sir George Darwin to the problems he attacked. His work was comple- 
mentary to that of Poincaré in many respects, and he sometimes began 
at the other end; he was thus successful in exploring regions that were 
not open from the general point of view. 

There is a characteristic passage also in a paper on the figure of the 
earth (M. N. R. A. S. 1899, December):— 

“In Volume xix, of the ‘Annals of the Observatory of Paris’ M. Callan- 
dreau has carried out an elaborate investigation of the problems con- 
tained in this paper. The publication of my work might indeed have 
been unnecessary were it not that my procedure is, as I think, simpler 
than his, and that my formule are presented in a more tractable shape. 
I have, however, in some respects, as, for instance, in the numerical 
solution of the differential equations, carried the work somewhat further 
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than he has done; but, on the other hand, he has considered several 
interesting points on which I do not touch. Our two methods differ in 
detail from first to last, and it would be rather troublesome to compare 
them from point to point. I have then beer satisfied with the knowledge 
that we are traveling along parallel roads.” 

In his lectures, and in the abstracts of a subject which he would cir- 
culate among his pupils from time to time, he showed the same power 
of clear insistance on the essentials. The paper on the Eulerian Nutation 
(Coll. Papers, iv. No. 20) is a good example of the latter. It was written, 
he tells us, in the form of aletter to a correspondent who held heterodox 
views as to the earth’s nutation, “with the object of clearing my own 
ideas and those of M. Folie, and does not claim to contain anything 
novel.” He refused to write text-books as long as he could do original 
work, and thus none of his lectures, except the series which made his 
book ‘The Tides, and none of his abstracts, with the exception of 
the one just referred to, have been published. It is much to be 
hoped that they will some day be collected and printed, for they are 
endued with the perfect clarity of phrase which marked both his 
speech and his writing. His account of Hill’s Lunar Theory as far as 
terms of the second order only or his analysis of the work of Hayford 
on Isostasy and the figure of the earth are cases in point. 

It is easy to trace his influence on the younger school of applied 
mathematicians who were at Cambridge and are unhappily there no 
longer. Brown, Cowell, Hough, and Jeans: have won distinction in 
four widely separate branches of applied mathematics. They were 
all pupils of Darwin. They have all four made notable advances on 
their respective paths, and Darwin was to them what he has said 
Poincaré was to him: “He must be regarded as the presiding genius— 
or, shallI say, my patron saint?” 

We must turn now to his work as a geodesist. Twenty years ago 
geodesy was at a low ebb in England, almost without recognition. 
The man of real distinction—Colonel Clarke—had failed to reach com- 
mand at the Ordnance Survey and had been retired. The work of 
his department had fallen into a mere routine. The Survey of India 
lived in a state of splendid isolation, and Great Britain stood aloof 
from, if not ignorant of, the activities and interests of the International 
Geodetic Association. When at last, in 1897, the British Government 
were persuaded that this country should no longer stand outside the 
Association, Sir George Darwin was nominated the British Represent- 
ative and Member of the Permanent Commission. This appointment 
was an especially happy idea. He was already known to his col- 
leagues as a man of the highest distinction in geophysics. The perma- 
nence of his position, in comparison with that of an officer of the 
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Survey, gave an authority and a continuity to the British representa- 
tion which it would have lacked otherwise. His constituency was 
world-wide; he spoke for India, for South Africa, for Australia, and 
Canada; and when his ambition to bring the Association to England 
was realized at the meeting of 1909 in London and Cambridge, the 
Dominions were for the first time represented by delegates of their 
own, specially accredited. One can hardly overestimate the stimulus 
which this meeting gave to the prospects of geodesy proper in the 
Empire. 

The great public event of Sir George Darwin’s life was his Presidency 
of the British Association Meeting in South Africa. Those who had 
the good fortune to make that memorable journey with him will 
never forget the distinction with which he played his far from easy 
part. His address, delivered in two parts, the first at Capetown, the 
second a fortnight later at Johannesburg, was remarkable for the analogy 
he developed between biology, dynamics, and political science. 

“In the world of life the naturalist describes those forms which 
persist as species; similarly the physicist speaks of stable configura- 
tions or modes of motion of matter; and the politician speaks of 
States. The idea at the base of all these conceptions is that of 
stability, or the power of resisting disintegration. In other words, 
the degree of persistence or permanence of a species, of a configura- 
tion of matter, or of a State depends on the perfection of its adap- 
tion to its surrounding conditions.” 

The Association visited a dozen towns, and at each halt its Presi- 
dent addressed an audience partly new, and partly composed of 
people who had been traveling with him for many weeks. At each 
place this latter section heard with admiration a treatment of his subject 
wholly fresh and exactly adapted to the locality. His presidential 
duties were manifold; not least successful was his adjustment of the 
difficulties inseparable from the progress of four hundred visitors 
under exhausting conditions at a breakneck speed through a new 
country. “English organization,” said a genial foreign guest, “seems 
to have been made from the beginning of all things, that is to say, 
a law of Nature.” It was the personality of the President that made 
it appear so. 

His whole life, in fact, was a triumph of personality over a body 
not very strong. He was never able to work for long hours, yet by 
resolution and economy of effort he accomplished an almost incredible 
amount. Avoiding to some extent the waste of time inseparable from 
membership of the many committees: which would have liked to have 
his counsel, he did not spare himself when it was a question of 
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preparing some real progress in the University. In particular the 
establishment of the teaching of geography on an adequate scale 
owes much to his influence. 

Early in August of this year he was seriously unwell, but with 
some difficulty he got through his duties as President of the Congress 
of Mathematicians at Cambridge. This was his last public appearance. 
Illness prevented his attending the Meeting of the Geodetic Associa- 
tion at Hamburg, and at the beginning of the October term it became 
known that a serious operation had failed to give him more than 
temporary relief and that he could not live. The friends who were 
allowed to see him during the term found him terribly fragile in body, 
but in spirit as full of life and courage as ever. He died on Decem- 
ber 7, to the lasting grief of all who had been honoured with his 
friendship. 





THE LUNAR CRATER LINNE. 


JOHN A. COOK, 


No region on the moon has been more observed and described 
than Linné. It seems to have been first mentioned and drawn by 
Riccioli about 1665, as a crater four and a half miles in diameter. 
It was drawn and described by Lohrman, as a crater of the same 
size, and as being visible under all illuminations, it is shown as such 
on his great map. Beer and Madler saw it as a bright crater six and 
a quarter miles in diameter, very distinct under oblique illumination, 
and it is so represented on their map. 

In eleven drawings found of this region between 1840 and 1843 
Linné is shown on eight and absent on three. In 1866 Schmidt was 
unable to see it and announced that Linné had disappeared, claiming 
that his older observations had shown it seven miles in diameter 
and at least a thousand feet deep. 

In 1867 and 1868 many observations were made showing only the 
white spot we ordinarily see. A little later, Schmidt found a minute 
crater in the white spot, still later several other observers saw a 
saucer like depression in the white spot about six miles in diameter. 
Others saw a minute crater not more than one mile and a half in 
diameter. Later Huggins found it two miles, and later Buckingham 
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made it three miles in size, then again the saucer like depression 
was announced, not more than 500 feet in depth, with a very small 
crater near the center of the white spot. 

Professor W. H. Pickering in ‘The Moon,’ says there is a small 
crater in the white spot. This is the latest we have from high author- 
ity, and seems to be the opinion held at present. 

I have not been able to see this small crater during twenty-five 
years study of this region, but during the last four years I have used 
a more adequate instrument than formerly. On the evening of March 
7, 1911, [found the air was unusually good, and seeing that the ter- 
minator would reach Linné in a very short time, I determined to 
watch the first rays strike the region, keeping my eye on the location 
where the white spot would shortly appear. I first saw an extremely small 
bright star-like point of light; within ten minutes, as the light grew 
stronger and higher, I distinctly saw the elevation, and that it was 
crescent shaped, the western wall standing and casting a shadow, 
giving one the idea that the eastern wall of a small crater had been 
destroyed. In a few minutes the light illuminated the white spot 
and drowned out the elevation, making it totally invisible, but the 
shadow remained visible for some time. 

It is my opinion that observers see the shadow after the elevation 
has disappeared and mistake it for a crater. The elevation may be 
easily seen at the moment the light first strikes it, but to see the 
crescent shape requires good conditions and a magnification of about 
three hundred. 

We have it on the authority of Barnard, Pickering and others that 
the spot varies in size, being largest when the sun rises on it and 
smallest ten days later, and that it decreases measurably during the 
brief time the moon is passing through the earth’s shadow, and that 
it has become permanently smaller than forty years ago. 

Regardless of all the evidence favoring a change in this crater 
nearly all selenographers are still in doubt. Would it not be more 
rational to admit a change and assume that action was going on; that 
the crater was concealed by smoke or vapor at the time Schroter, and 
others who did not see it, made their observations; and that a great 
eruption destroyed the crater at the time Schmidt found it invisible in 
1866, as it seemed to be concealed by a vapor for a short time then. 

Macon, Mo. 
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LATEST ADVANCES IN WEATHER FORECASTING 
AT A LONG RANGE BY SUNSPOTS AND 
PLANETARY POSITIONS. 


JEROME 8S. RICARD, S. J.* 


The sunspot is not yet fully understood, nor is meteorology, nor 
planetary influence, nor electromagnetism. However much we may 
imagine we know about these subjects, no well-trained mind can deny 
that much more remains to be learned. Hence we do not feel disposed 
to agree with those who say these fields have been investigated and 
found wanting so much that our knowledge of the causes of phenomena 
remains in the statu quo of ‘the old ignorance. Much more is now 
known of the sunspot than, say, ten years ago, thanks to Dr. Hale of 
Mt. Wilson and his devoted and learned staff, not to mention others in 
and out of the United States. Meteorology, too, has advanced to a 
knowledge of causes undreamt of before, and our wireless systems of 
telegraphy have opened new avenues of indefinite progress. Planetary 
influence on both sun and earth has been subjected to rigid tests and 
marvelous results have been obtained. 

Hence it were but little surprise if at no distant date, there were a 
complete turning of tables. The very men, who had been, as it were. 
relegated to an obscure corner and belittled as aspirants to scientific 
treasures beyond reach, will be the very ones that a grateful posterity 
will hail as benefactors of the race. We have special reference to 
such painstaking students of nature as have spent from ten to fifty 
years of their useful lives in tracing the complicated phenomena of 
astronomy, meteorology, seismology and biology to their proximate and 
ultimate causes, and yet have been so modest as to avoid self-assertion 
and even publicity during the experimental period of their proceedings. 

Not only is the sunspot now better known in itself, but also in its 
relation to aero-physics, the jealous department where every man is 
wiser than his neighbor and the mixed up total of individual wisdoms, 
if only photographed, might be exhibited as the picture of general 
unknowableness. The modest quota contributed by the Santa Clara 
Observatory may be described as follows: 

As long as the period of maximum frequency of sunspots lasted, a 
desire for simplicity of view and result dictated that we should confine 
ourselves to a study of the western limb, which had at first attracted 


* Director of the Observatory, University of Santa Clara, California. 
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our attention as the scene of coincidences between disturbances on the 
sun and disturbances on the earth. Asa result of a simple but very 
direct investigation, which we have carried on uninterruptedly since the 
year 1900, when an 8-inch equatorial was installed, the 3-day law concern- 
ing the western limb was found to hold generally and in consequence we 
published it. Of this article in Poputar Astronomy April 1911, 1100 
copies were ordered by W. T. Foster of Washington for free distribution 
among friends, including astronomers and meteorologists of note, 
and a translation into French was made by Jean Mascart then of 
the Observatory of Paris, now Director of the Observatory of Lyons. 

At that epoch of our pioneering, it sounded passing strange that the 
western limb should thus appear to be in direct communication with 
the western coast of the United States in preference to any other coast 
that we had knowledge of. And it was only natural that certain 
reflecting minds should put in a demurrer to what they called a theory, 
and we called a fact of observation, which we could not explain and 
did not care to explain so long as the fact stood. Meanwhile time went 
on and, to our great discomfort, the period of minimum frequency set 
in. We had been using the 3-day law, had tested it in every kind of 
way by issuing forecasts which, all in all, held for semi-monthly periods. 

But during this time of minimum frequency there were not, except 
very seldom, any visible spots that we could with any degree of certainty 
locate as having to be at some future time, within three days dist- 
ance from the western limb. Sometimes there were no spots at all; at 
other times, they were mere vanishing apparitions and so, on the whole, 
it looked as a complete denudation of the solar surface. And yet we 
sorely wanted some sort of sun trouble in order to forecast disturbances 
on the earth. Past observation came to our rescue; we had often 
noticed that faculae could be fairly well descried on the eastern limb, 
which on the way across, became lost in the effulgence of central light 
and finally recovered visibility within 45° or 50° from the western 
limb. We had noticed, too, as had other observers often before, that 
the so-called dark spots underwent every kind of change in the midst of 
facular fields. They would leap into view suddenly; become drowned 
the next day; and then float again the following day. Witness the little 
spot in the faculae of October 20, 1912. 

We therefore arrived at the conclusion that a solar disturbance, once 
started, would continue until it was supplanted by a new one, or until 
it got a new lease of life from a new cause that came into play, thus 
making the old focus of disturbance the seat of the new one. Nodon 
of the astronomical society of Bordeaux had noticed the same thing, 
However it would cost nothing to experiment, and note the results and 
observe what help it might bring to the forecaster. 
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The experiment has so far proved a great success, the reality having 
always corresponded to anticipation and this not only with regard to 
the western limb, but the eastern limb also and the central meridian 
both in front and in back. By this new discovery the task of forecasting 
earth’s weather by the sun’s weather, if the expression be allowed, 
becomes mere child’s play and the weatherman can plunge as deeply 
into the future as prudence may dictate. There will always be difficulties 
from new disturbances on the sun, which might occur so far out of place 
as to upset the previous calculations. Hitherto our limit of forecasting 
has been one month, during which, and especially at the end of which, 
failure or success is carefully ascertained from the weather map. If 
any slips have occurred, an investigation immediately follows and it 
shows constantly that one solar disturbance had been overlooked or 
another had set in out of harmony with the one or the ones that had 
been used as bases of calculation. But what is worthy of note in this 
connection, is that a recalculation, by the 3-day law applied universally, 
based on the omitted spot or the new one, brings a result that is entirely 
in harmony with the dates of the real meteorological events of the past 
month. 





K =| 199 
AN ISOMETRIC PROJECTION OF THE SUN 
Showing the group of August 8, 1910 in front and back, illustrating the 
method of forecasting siesmic and meteorological disturbances by the 


experimental theory of position. (Courtesy of Dr. A. Porta, associate 
observer, University of Santa Clara, Calif.) 
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To put the whole process in a nutshell: Observe the sun. If you see 
a spot or a facula, find its heliographic latitude and longitude, taking 
Central Meridian as the zero line. Roughly speaking, a spot takes twelve 
and one half days to go from limb to limb in front and a little over 
fourteen days from limb to limb in back (Synodic period). Or, 
to state the fact more pointedly, it takes six and one fourth days 
from eastern limb to Central Meridian on this side, six and one fourth 
more days from Central Meridian on this side to western limb, then 
seven days from the western limb to Central Meridian on the other side 
and finally seven more days from there back to eastern limb, traveling 
at the rate of 14.4 degrees aday. The longitude of the spot converted into 
days and combined with its rate of motion will tell at once what day 
of the month the spot will be three days distant from Central Meridian 
this side or that and from both limbs. The dates thus obtained may be 
set down for the appearance of new areas of low pressure, or storms, on 
the westernmost part of the Pacific Slope, Washington, Oregon, California, 
Arizona. Further investigation of the most delicate kind, promises to 
show how the observed latitude of the spot may be utilized for telling 
approximately where the storm will strike. 

A few examples, not imaginary, but of actual observation, will make 
the calculation of stormy periods clear. 


Examp.e I. 
On Oct. 17, 1912, a facula stood one day in. Hence it stood on 


Central tront............. Oct. 291, 
Western limb ............ " 281 
Central back ............ Nov. 4 
Eastern limb ............ . 111% 
Central front ............ 17°34 
Western limb ............ 42 24 
Central back ............ Dec. 1 
Eastern limb ............ = 8 


Subtracting 3 from each one of these dates, we get the following 
stormy periods for this coast:— 


Oct. 19% to 22% 


25% to 28% 
Nov. 1% to 4% 
oi 82 to 11% 
= 14% to 17% 
. 21 to 24 
“28 ~=«‘to Dec. 1 


8 
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Exampte II. 


On Oct. 20, another facula was 11% days in. We have therefore: 


Central front 2434 
Western limb ............. . 31 


Central back ............ Nov. 7 
Eastern limb ............ . 14 
Central front ............ , 201 
Western limb ............ 261 
Central back ............ Dec. 3% 
Eastern limb ........... - 101% 


Proceeding as in Ex. I, we get the following stormy periods:— 


Oct. 21%4 to 24% 


28 to 31 
Nov. 4 to 7 
~ ff toi 
“17% to 20% 
“23% to 26% 
30% to Dec. 342 
Dec. 712 to 10% 


Exampte III. 


Also on Oct. 17, the facula of Oct. 14 stood 1% days from western 


limb. Hence:— 


Western limb _............. Oct. 181% 
Contre BACK ...isc0.0. “ 25 
Eastern limb __............ Nov. 1% 
Central front ............ ¥ 7% 
Western limb _............ 14 
COMIPAL DOCK x .s0s..6085: 91 
Bester PMD  oc.ccssceccs 28 
Central front — .........:.. Dec. 4% 
Western limb _............ “ g9%, 


Operating as above we have for the stormy periods:— 


Oct. 22% to 25'% 
: 29% to Nov. 142 
Nov. 4% to 7% 
“11 sto 14 
18 to 21 
25 to 28 
Dec. 1%to 4% 
= 8 to 11% 
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In examples II and III, the faculae stand in such favorable positions 
that the results sensibly agree. Example I stands for separate storms. 
Accordingly in our forecast for November published on October 30, 
prominence is given to the periods based on faculae of October 14 and 
20, while attention is also called to November 1, 8, 14, 21, 28, December 
5, for either the augmenting of already extant warm waves or the 
approach of new ones, as per example I. A magnificent verification is 
just now going on, this being November 5, 1912. If there was only one 
facula or spot doing service for twenty-seven days, there would be only 
four storms during that time. But if there were several, either they 
would happen in critical positions or not; in the first case, the storms 
would coincide and intensify each other both in depth and area; in the 
second, they would be separate and one follow on the heels of the 
other at distances of 1, 2, 3 days. * 


* The forecasts of Ex. I, II, [11 were from 30 to 40 days in advance. They were 
a strange novelty to us, requiring careful combination and segregation. The oppor- 
tunity was thereby offered of making a rare test and the result has been watched 
with anxious care. At the present date, January 22, 1913, in compliance with a 
request from PopuLAR ASTRONOMY, we append, in parallel columns, first, a list of the 
real storms, as found in the official weather chart of the U. S., which occurred from 
October 19 to December 5, 1912, and, second, a list of dates announced from mere 
solar observation covering the same period, The agreement between reality and 
prognostication appears to be so exact that the error if any is either negligible or 
explicable. It all seems a great triumph for sunspots and likewise for planetary 
meteorology, since the planets are successfully used in getting the same dates quite 
independently and also in forecasting solar disturbances. 


ExamPLes I, II, II, ComBinep AND ORDERED. 
The Weather Map By Sunspots 
Oct. 19 — 23 Oct. 19 — 22 
* 24— 26 : 25 — 28 
28 — 30 m 28 — 31 
1- 3 4 
5- 7 | 
8- 9 ‘ 11 
11 -— 15 - 11 -— 14 
18 — 20 , “ 6-2 
20 — 21 ” 21 — 24 
25 — 27 ” 25 — 28 
27 — 28 = 28 — Dec. 1 
28 — Dec. 312 = 30 — Dec. 3 
5- 8 Dec. 5- 8 
The above cannot be mere coincidence, far less guesswork. 
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The result of the new experience briefly amounts to this:— 

There are in all four critical positions: three days before the spot 
reaches the western limb; three days before the spot reaches the Central 
Meridian in back; three days before the spot reaches the eastern limb; 
three days before the spot reaches the Central Meridian in front. 
We mean to say that when a solar disturbance reaches any one of 
these four positions, a new storm arrives on the Pacific Coast, either 
rising from the ocean directly or descending from Alaska or ascending 
from the mouth of the Colorado in Baja California. 

The anomaly of Western limb being alone responsible for storms on 
this Coast and thence over the whole or part of the United States, is 
thus removed and we have instead one harmonious whole governed by 
the three-day law. This great fact is the solid foundation on which 
rests the claim, made by a respectable number of serious scientists, that 
the connecting link—-the causa intermedia—between sun and planets 
is electromagnetism, which, while knowing no distinction between front 
and back, has its own peculiar laws of action that set at naught the 
views of the uninitiated. With a view to remove a number of well- 
meant difficulties, we beg leave to offer the following remarks:— 

The idea that a sunspot is a cosmic cause, the effect of which, if any, 
must be equally distributed throughout the whole earth, is adhered to 
with the greatest tenacity. It is, as it were, the rostrum from which 
certain otherwise very estimable writers deliver their elegant sentences 
to the admiring throng beneath. Otherwise stated the principle is this: 
the sunspot is a universal cause; therefore its effect, if any, must be 
universal. Hence if it causes magnetic storms, earthquakes, aurorae 
atmospheric upheavals, these have to cover the whole earth.- But 
as they never do so, the inevitable conclusion follows that it has 
nothing to do with them. 

How this idea got to be so wide-spread and deep-rooted is hard to 
understand. Possibly it may have arisen as certain other popular errors, 
now condemned by science, have arisen; viz, we generally believe the 
reports of our senses even in regard to objects which transcend their 
capacity and we do not pause long enough to apply to them the ordin- 
ary criteria by which the reason tests the data of experience. We see 
for instance how the sun sheds its light wherever no obstacle intervenes: 
we see, too, how the sunspot looks down on the whole earth and then 
the unwarranted conclusion comes that as the light penetrates every- 
where, so the sunspot, if at all efficient, must have its effect visible 
everywhere. Unfortunately this hurried conclusion belongs to the 
sensible order and deals with an object with regard to which the senses 
may deceive, and should therefore be distrusted until the reason, after 
due examination, approves of their decision. It is to be feared that 
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otherwise very respectable scientists may not be careful enough to see 
whether this inference agrees with the findings of scientific observation, 
They would thus be in danger of accepting it too hastily as an axiom on 
which to base themselves while discussing the possibility or impossibility 
of foretelling, not only the weather but also earthquakes, from the 
presence of sunspots in general or in certain positions. 

While personally we take no special interest in that so-called axiom, 
since our method of forecasting prescinds from it and depends 
entirely on the physical basis of observation and has nothing to do with 
the metaphysics of the case, yet, as we have time and again noticed 
that certain writers and speakers, whose turn of mind brings them to 
pay attention to the feeble attempts we have made in forecasting, show 
an inclination to go much more by that axiom than by the encouraging 
results so far achieved, we have thought it worth while to dwell some- 
what upon this matter and offer some helpful reflections that may pave 
the way to a better understanding. 

First of all, we could direct attention to another and less doubtful 
axiom, namely that “Whatever is received follows the manner of being 
of the recipient”, which is sufficiently evident in itself and the applica- 
tion of which presents no difficulty. Thus spoke the schoolmen. In 
more intelligible language, we might possibly say. “The reception of 
the influence of a given activity depends very much, sometimes 
entirely, on the form, nature, situation and disposition of the recipient.” 
In the light of this axiom, even on the admission of the universality 
of solar causation, sunspots included, it would not follow that the 
effect must be everywhere and equally distributed on the whole 
earth, because the receiving subject might not be disposed at 
all or very differently disposed in different localities. Those who 
attribute every weather change to purely local influences under the 
general agency of the sun, fully understand the pertinence and value of 
this remark: magnetic and electrical conditions, topography, altitude, 
air distribution, moisture, present temperature, geological conditions, 
are all different. The axiom is well recognized in physics in the Jaw 
of cosines for radiant heat and the intensity of light. One has only to 


glance at the formula I = 4 < cosh to see how the reception of solar 


radiation of both heat and light is enormously affected by the distance 
and the angle of the receiving surface. 


In the above equation,” 


* Vid. Ganot’s Physics, 15th Ed., Art. 421; Young’s Gen. Astron. rev. Ed., p. 136. 
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= intensity of the effect, 

= amount received, per unit area, 

distance of the cause, 

angle between impingent activity and the normal to the 
receiving surface. 

Class-room formulae, however, might be questioned when transferred 
to the immensely greater laboratory of nature. For instance in Decem- 
ber the sun is nearly 3,000,000 miles nearer to us than in July. If 
therefore a thermometer could be properly installed anywhere in our 
latitudes so that the receiving surface was normal to the incident ray, 
it would be warmer in December than in July. Of course, the experi- 
ment has not been tried; but if it were, we feel rather skeptical about 
the result. At any rate, physical science admits the axiom quoted, 
and this is sufficient for our purpose. 

Another idea that should claim attention is the fact that if, as is 
generally done, we suppress altogether any external influence except 
the general effect of the sun upon the earth, and therefore fall back 
entirely upon mere local agencies for the formation and advance of 
storms, one is at a loss to see how particular agencies of a mere local 
character can account for the transcontinental and even trans-oceanic 
character of many of our terrestrial storms. For instance, how will you 
explain that a big storm in the northwest, say west of Alaska, will 
descend upon the States of Washington, Oregon, California and even 
Arizona, then cross over the Rocky Mountains, the prairie, the Eastern 
States, plunge into the Atlantic Ocean and finally invade Western Europe, 
unless we suppose similar agencies always of a local character are to 
be found all along the track of the storm-center? But an alignment 
of such purely local causes, conspiring to give us a storm of the 
above-mentioned sort, is not only not likely, but is actually disproved 
by the daily meteorological observations of the Weather Bureau, taken 
simultaneously right along the track of all the storms that pass over 
the United States. The obvious inference is that every storm, far from 
being originated by local influences or conditions, does itself originate 
its own conditions and carries them along with it. The next inference 
would seem to be that a cosmic cause, one altogether foreign or external 
to the earth, is the parent of our atmospheric disturbances and thats 
general in character though it may be, there is some other force in the 
recipient than a mere local affair which defines, particularizes, 
and localizes the Cosmic force, in spite of any universal character that 
one may be pleased to endow it with. 

Hence one who reasons is inclined to wonder somewhat at the hasti- 
ness of those who jump at conclusions regarding matters so complex 
and so recondite that they have baffled the many efforts of honest and 
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laborious scientists of the present and past centuries. But the wonder- 
ment increases and rises rather high when we see such representatives 
of science as Professors Lagrange of Belgium, Gockel of Germany and 
Nordmann of Paris, either openly or covertly, declare that sunspots 
being a general, universal, cosmic cause, it is futile to appeal to them 
with a view to account for certain terrestrial phenomena, such as 
weather and earthquakes, which are always more or less local.* 

Relying on the apparently solid basis that a universal cause must 
needs have a like effect, they gravely tell us that if, by sunspots or 
what amounts to the same, critical planetary positions, it rains in 
Portland, Oregon, it should also rain in Santa Clara, Calif. Or if a 
hurricane rages at Acapulco it must also rage in Cuba and Porto Rico. 
The conclusion is forced beyond due limit, exaggerated, illogical to a 
degree, so much so as to constitute a case of non sequitur. We are 
not aware that any trained meteorologist or habitual observer of the 
sun in its various aspects, has ever dared go so great a length. 

In the third place, it might be urged that a twelve year experience 
at this observatory has traced an invariable connection between sun- 
spots, dark or brilliant white, with the advent of new storms on the 
Pacific Coast, and that as these storms are very particular and definite 
as to depth, area and track it follows that in virtue of the invariable 
connection just mentioned, either the spots themselves are particular 
definite causes, or if they are general causes, their influence is defined 
and particularized by some terrestrial force which is not merely local; 
or, if it be urged that other storms are simultaneously started in other 
parts of the world, which a wider experience will no doubt prove to be 
true, yet each of them is still certainly definite and particular in depth, 
area and track, and does not cover the whole earth as it is claimed it 
should, if our conclusions are true. The above is equally cogent if 
applied to the planets in certain definite positions which are claimed by 
nearly all philosophical meteorologists to be the simultaneous causes of 
spots as disturbances on the sun, and of storms on earth as disturbances 
in our atmosphere. 

Fourthly, the sunspots are great centers of magnetic force, as shown 
by the most exact and delicate experiments at Pasadena, Calif., and by 
an entirely different method at this observatory. But the field of a 
magnet is very different as you pass around from one pole to the other 
As the earth revolves and rotates in that field, every different part of 
it must be differently affected. Add to this the magnetism of the earth 


* (Vid—Bulletin de la Société Belge d’Astronomie No. 3, 1910—Scientific Amer- 
ican Supplement, Aug. 17, 1912.—Le Matin, Paris, Sept. 8, 1912.) 
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itself with its poles and equator and the various agonic and isogonic, 
aclinic and isoclinic lines which will emphasize the difference. Thus, 
then, the earth and the sun with its spots are two huge magnets and the 
effects of neither of them single or combined are exactly the same 
everywhere; rather they exhibit so great and so complex differences as 
to demand an extension of our present knowledge of mathematics. 
Now it is well known that the movement of certain metallic substances 
in a various and varying magnetic field, generates a various and varying 
electric current, and conversely. It is electromagnetism, to which, in 
all likelihood, the variations of our weather and seismic phenomena are 
mostly due, a theory supported by eminent meteorologists of the most 
modern type, to which we feel greatly inclined as the only one that 
stands examination and which, it is to be hoped, every succeeding ex- 
periment will corroborate. 

Thus then the reader can see for himself that the axiom under dis- 
cussion, that a universal cause has a like effect, in the sense in which 
certain writers take it when they naively tell us that, if by sunspots it 
rains in Athens, it must also rain in Constantinople; or, if there is an 
earthquake in Patagonia, the whole earth must shake, runs amuck with 
physical science and ignores the facts of electromagnetism as demon- 
strated by Faraday, Clerk Maxwell and Ampere, not to mention other 
names of undisputed authority. 

Once more, people seem to forget that the sunspot, dark or brilliant 
white, has a sidereal period of a little over twenty-five days and a syn- 
odic period of a little over twenty-seven days and that its effectiveness 
is as great on the other side of the sun as on this side. This repeated 
experiment at this observatory has abundantly proved, especially during 
the present period of least frequency. Once on the field, the activity of 
a solar disturbance lasts very long, very likely until it is replaced by 
another or becomes revivified by the activity of some new heliocentric 
conjunction or opposition, with or without a simultaneous quadrature 
about the line from Jupiter to Saturn. Further observation will soon 
furnish a solution of this last mooted point.* 

On the other hand, it should carefully be borne in mind that a large 
number of real storms, especially during the summer of a given locality 
or country, will pass through altogether unnoticed: invisibly they are 
mighty oscillations of the barometric curve, and sensibly only a hot 
wave. There are no clouds, very little wind, no rain, no electric displays, 
and yet the very substance of a storm is passing over people’s heads. 
We would place the essence of a storm in a barometric change above 


* Vid Nodon, Bulletin de la Société Belge d’Astronomie. Feb. 1912. 
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and below the semi-diurnal oscillation. Andit may be affirmed without 
fear of contradiction that there is no place on earth exempt from the 
stormy barometric change. Barometrically speaking, there is no differ- 
ence or very little difference between winter and summer; but there is 
always a seasonal difference in solar force, moisture and temperature. 





NOTES ON THE PERIODS OF NINE 
ECLIPSING VARIABLES. 


HARLOW SHAPLEY. 


In the December (1912) number of this magazineI gave a list of stars 
whose light elements had been revised in the course of the study of their 
orbits. In a number of cases the adjustments made there were only 
the changes in the initial reference point necessary to bring zero phase 
into coincidence with the mid-epoch of principal minimum. Since the 
communication of those notes I have derived revised elements of a few 
eclipsing stars from my own photometric observations, and I give the 
results here in a table similar to the previous one. The observational 
detail, as well as the orbits, will be published later. 

Among the stars in the list below, RW Tauri is of especial interest 
because of its great range of light variation. At maximum its magni- 
tude is 8.05, which represents the combined light of both components. 
At the constant minimum there remains only the light of the large faint 
companion, which is a star of magnitude 11.47, visually. It is very 
probable that this fainter star is reddish, and that it would be much 
fainter on the photographic plate than I have measured it. The visual 
range of 3".42 is the greatest that has ever been found for an eclipsing 
star. It represents a loss of 96% of the’system’s light, and indicates a 
very great difference in the surface temperatures of the two components. 

The last three stars in the list have not been observed by me. 


TaBLe oF Revisep Licht ELeMENTs. 


Star Initial Epoch of Period 
Min. (Gr. Hel. M.T.) d 

1 ZZ Cygni J. D. 2419737.5056 0.6286185 
2 WZ Cygni 2414936.5487 0.5844643 
3 RX Herculis 2419658.5882 1.7785740 
4 SZ Herculis 2418495.406 0.8180954 
5 RW Tauri 2417198.4094 2.768901 
6 RW Monocerotis 2417943.701 1.90607 
7 RS Scuti 2418424.26 1.32880 
8 SY Centauri 2410001.275 6.6313 
9 SX Cassiopeiae 2417983.592 36.572 
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Nores TO THE TABLE. 


1. ZZCygni. The error in the value of the period derived by 
Williams six years ago is less than half a second (A.N.4153). Because 
of the rapid revolution of the system, however, this small error had 
accumulated until at the present time the minima come nearly half an 
hour later than the times predicted by the old elements. I observed 
three minima in 1912, using a polarizing photometer. From measures 
of the maximum light I find indications of a small secondary minimum, 
not exceeding a tenth of a magnitude in depth. The duration of the 
principal eclipse, which is sharply partial, is relatively very short, and 
this, in connection with the short period, gives a density unusually high 
for a star of spectral type A. My value of the light elements satisfies 
the twelve minima observed visually by Williams in 1906 with slightly 
higher accuracy than his own formula. The two photographic obser- 
vations during minimum light, six years before Williams’ visual obser- 
vations, fall nearly half an hour after the zero phase on their respect- 
ive dates, a displacement, however, which is entirely possible, for at 
that phase the star is three-fourths of a magnitude fainter than normal 
light. It is not possible to represent the photographic observations any 
better than this with a uniform period without doing injustice to the 
much more definite work of 1906 and 1912. 

2. WZCygni. I have made an extensive photometric study of this 
eclipsing system during the last year. The new elements differ very 
little from those originally determined by Williams. The component 
stars are elliptical. The ranges of variation at primary and secondary 
minima are one magnitude and one-half a magnitude, respectively. 

3. RX Herculis. The new elements represent corrections to Luizet’s 
period and initial epoch (A.N. 4026), and are based on more than two 
thousand light comparisons, which I have made at this observatory. 
Two minima of sensibly equal depth occur in each revolution period. 
The alternate minima are equidistant. The components are equally 
bright and are well separated. The magnitude of the star, 7.1, makes 
it susceptible of spectroscopic investigations (Ap. J., 22, 215). 

4. SZ Herculis. My observations on this star are not complete, but 
the measures in four minima definitely indicate that Blazko’s value 
of the period is somewhat too short (V. J. S.47, 273). The photo- 
metric range is 1".5, with an uncertainty of less than a tenth of a mag- 
nitude, whereas the value given by Blazko is only 0".8. 

5. RW Tauri. Observations in three recent minima show that the 
times predicted by the Hartwig ephemeris are 26 minutes too early, 
Graff's determination of the initial epoch seems to be definite, and it 
is retained in the above revised elements. The value of the period is 
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only one second shorter than the value derived by Graff from his own 
observations (Hamb. Mitt. No. 11, p. 92), but his adopted value (p. 93) 
was based on some very early Harvard photographs and is too short. 
My formula satisfies Graff's observations perfectly and represents the 
early Harvard estimates (H.C. 104) within the probable uncertainty 
of the times of minima derived from them. 

6. RW Monocerotis. The above value of the period is that derived 
by Haynes (Laws Obs. Bull. 1, 236). With the adjusted value of the 
initial epoch the curve at principal minimum is symmetrical within the 
uncertainty of the observations. My recent measures of the maximum 
light indicate a shallow secondary minimun, the existence of which I 
was first led to suspect through the study of the light curve of the 
primary eclipse. 

7. RS Scuti. An investigation of the orbit shows that the period is 
double the value determined by Ichinohe (A. NV. 4403). His value of 
the initial epoch is retained. Ichinohe’s observations (122 in number, 
and made by the Argelander method) are sufficient to show distinctly 
that the light is not constant between minima, but rises to a maximum 
at the half-way point. The high ellipticity of the component stars is 
thus indicated, and the true period of revolution must be twice the 
interval between successive eclipses. More accurate observations may 
show a difference in the depth of the alternate minima. 

8. SY Centauri. Zero phase adjusted; period unchanged. 

9. SX Cassiopeiz. I only make an adjustment of the epoch of 
minimum. This is an elliptical system with a pronounced secondary 
minimum. It is remarkable for its low mean density, which is approx- 
imately one four thousandth that of the sun. 

Princeton University Observatory, 
1913, Feb. 11. 





TOTAL ECLIPSE OF THE MOON 1913 MARCH 22. 


WILLIAM F. RIGGE., 


The total eclipse of the moon on the morning of March 22 will be 
visible more or less completely all over the United States. In the 
diagram the largest circle with its cardinal points N E S W, represents 
the earth’s penumbra, and the next in size, concentric with it, the 
shadow or umbra. The long oblique line is the path of the moon’s 
center, its positions being indicated for every ten minutes of Central 
time from 3 to 9a.m. The seven small circles are as many views of 
the moon at important moments. 
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When its center is at A, at 3:16, the moon enters Penumbra. This 
contact cannot be observed, because the loss of light at this moment 
is too small to be noticeable. However as the moon moves through 
the penumbra, the part nearest the shadow will appear to be very much 
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DIAGRAM OF THE TOTAL ECLIPSE OF THE MooN MARCH 22, 1913. 


darker. At B, at 4:13, the moon enters shadow. This can be well seen, 
although the time can scarcely be noted closer than the half-minute, on 
account of the indistinctness of the edge of the earth’s shadow. At C, 
at 5:11, the moon is completely immersed in the shadow, and the Total 
Eclipse begins. At D, at 5:58, we have the middle of the eclipse. At 
F, at 6:44, the Total Eclipse ends, and at H, at 8:39, the moon leaves 
Penumbra. 

The farther west the observer is situated, the more he will see of this 
eclipse. As the moon is near the celestial equator, it will set in the 
neighborhood of 6 a.m. local time. At Omaha it will set at 6:33, Central 
time, before the total eclipse will be over. 

The diagram must be held in such a way that the line NS points to 
the north star. Some point between E and N will then be on top. An 
accurate value of the inclination of the line NS from the vertical can- 
not be given here, since it varies with the latitude, the declination and 
the hour angle. 





The Solar Eclipse of 1913 April 6 





THE SOLAR ECLIPSE OF 1913 APRIL 6, AS 
VISIBLE IN THE UNITED STATES. 


WILLIAM F. RIGGE. 


The solar eclipse of 1913 April 6 will be visible only in the extreme 
northwest of the United States. In the accompanying map the be- 
ginning and end of the eclipse are given for every ten minutes of 
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central time, the curves marked 11:0 and less denoting the beginning, 
and those marked 11:0 and more the end. One tenth of the sun’s 
diameter will be eclipsed on the line marked 1, less than that 
between this line and the southern limit line, and more in the other 
direction. 
The Creighton University, Observatory, 
Omaha, Neb. 
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AN AMATEUR’S OBSERVATORY AT 
WEST COLLINGSWOOD, N. J. 


H. C. BANCROFT, Jr. 


As long as I can remember I have had a great love for Astronomy, 
but had never observed the heavens with anything more powerful than 
a 1” spy glass magnifying ten diameters, until three years ago, when I 
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Mr. BANCROFT’S OBSERVATORY WITH THE ROOF OPENED. 


had the opportunity to see Jupiter and his belts and satellites through a 
street exhibitor’s telescope in Philadelphia. These fellows, by the way, 
help to no small extent to popularize astronomy. 

The wonders thus disclosed caused me to resolve to obtain a glass of 
my own, which I did, it being a 4”’ equatorial, with circles, on a tripod. 

I observed with this for a while, but not as often as I should have 
liked to, as the setting up and taking down of the instrument was quite 
an inconvenience, and besides the tripod, although being a strong one, 
was not any too steady. 

Then I built a concrete pier on the lawn and all that was necessary 
to take indoors was the tube and oculars. 

About a year ago I felt the need of a larger glass, and replaced the 
4”’ with a new 512” Brashear. 

This, of course, is too large an instrument to dismount very often, so 
I constructed the small house, or observatory, if it can be called such, 
as shown by the illustrations. 
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Mr. BANCROFT’S OBSERVATORY WITH THE Roor CLOSED. 


It is the purpose of this article to describe it, as it may be of some 
assistance to other amateurs in a similar position. 














Mr. BANCROFT’S 51%-INCH EQUATORIAL. 
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I should have liked an observatory with a revolving dome, but could 
not go to such a great expense. I wasin a quandary until Mr. 
Forsyth gave me the idea of the sliding roof. 

The house is twelve feet square inside, and six feet six inches from 
the floor to the top rail on which the roof slides. The sill, to which 
the 2x4 studs are nailed, is 2x4 and is anchored to twelve concrete 
piers 10’ square and 27” below the ground. The corner posts are 
4x4, the top rail 3x4. The walls consist of %”’ tongued and grooved 
fencing, which makes a neat finish. The floor is laid on 2x4 joists 
supported in the center, thus making a span of less than 6 feet. 
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Mr. BANCcROFT’s 514-INCH EQUATORIAL WITH DIAGONAL EYEPIECE. 


The roof is constructed of corrugated galvanized sheet iron, nailed to 
a wood frame, and is run off to the east on eight cast iron wheels 4” in 
diameter *4”’ face. The wheels run in an inverted 142” channel iron 
screwed to the 3x4 top rail. The roof is quite rigid, enough so that 
I can walk on all parts of it. The roof weighs about 550 pounds and can 
be pushed off with no trouble at all. For appearance sake I puta 
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window in each side. The writer made the house, also the telescope 
tube, and focussing device himself, and although it required some 
expenditure of time and labor, he is many times repaid by the subse- 
quent convenience and enjoyment while using it, aside from the pleasure 
of building it. 

I can not reach the horizon, but can come within 5° or 10° of it, which 
is all that is necessary. 














Mr. BANCROFT AND HIS Four-INCH EQUATORIAL 


To those who may be interested I might say the house complete cost 
about $70,— including two coats of paint, but no labor. The equatorial 
head was made at a machine shop, to the writer's drawings and design. 

It may not be out of place to state what can be seen with a 5%” glass 
of first quality. According to Chambers’ rule the limit of vision for a 
51” refractor is 12.9 magnitude. 
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When the air is clear and the star’s altitude is sufficient, it is no 
trouble to see 13.7 magnitude stars, according to the Harvard scale. 
Encke’s division in the outer ring of Saturn is visible when the seeing 
is good, with a power of 330. Six stars can be seen in the trapezium 
of the Great Nebula of Orion. The telescope is of 82’’.5 focal length, 
and is provided with eight oculars, power ranging from 41% to 330. 
I am now having Brashear make me a special high power of 550. In- 
cluded with the above oculars is a three-lens wide-field positive of 
2” focus, 134’”’ diameter field lens, for variable star work, which covers 
a field of 1° in diameter at the equator. 

The finder has a 2” glass, which I believe is larger than usual for 
this size telescope, for comparing the variables when bright, as it covers 
a field of 4° diameter. This telescope is being used almost exclusively 
for the observation of variable stars, the writer being a member of the 
“American Association of Variable Star Observers” under the direction 
of Mr. Olcott, Norwich, Conn. 

Variable star work is most fascinating, and it is a wonder more 
amateurs do not take it up. Mr. Olcott would be very glad, I am sure 
to hear from any one who may desire to take up variable star 
observing, and to join the Association. 

If any further details of the above observatory are desired I shall be 
glad to furnish them to any one on request. 

West Collingswood, N. J. 
Feb. 10, 1913. 





THE STORY OF THE ZODIAC, 
EDITH R. WILSON, 


“A broad belt of gold of wide extent 
Wherein twelve starry animals are shown, 
Marking the boundaries of Phoebus zone.” 
Os Lusiadas: Camoéns. 
“The greatest of the ministers of nature, 
Who with the power of heaven the world imprints, 
And measures with his light the time for us, 
-— along the spirals was revolving 
Where each time earlier he presents himself.” 


Il Paradiso X: Dante. 


All hail astronomy eldest of Sciences! In the hoary days of classic 
Greece, ere yet this name, “Science,” was writ large on man’s mental 
horizon, Astronomy reigned supreme as Urania, Muse of heaven, nor 
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since she has definitely quitted the society of the Sacred Nine to enter 
the Hall of Exact Investigation has she lost aught of her power to uplift 
man’s mind to visions of the infinite. Huxley, it is said, lamented 
that study of the exact sciences had dulled his imaginative powers. 
The astronomer need fear no such loss. For precisely in her appeal to 
man’s sense of awe and wonder and in the sublimity of her subject 
matter, lies Urania’s charm. Worlds are her playthings, the sun and 
moon her signet rings; her robe is ’broidered with countless stars, her 
hair powdered with their dust, as she plays hide and seek through 
nebulae “instinct with fire and nitre.” Yet, as she wanders through 
the great abyss, she bids us note 


“There’s not the smallest orb which we behold 
But in his motion like an angel sings, 
Still quiring to the young-eyed cherubim.” 


As eldest of sciences, astronomy traces back her origin to an almost 
fabulous antiquity. Systems have their day and change. Copernicus 
has supplanted Ptolemy. But the language, even of science, remains 
largely phenomenal and the Story of the Zodiac, that old, old story 
told by primeval astronomy in the dim, far east; along the banks of 
the Euphrates and on the plains of Accad, that cradle of the human 
race; ere yet the migration of the nations had begun, that same story, 
repeated by Copt and Scythian, Hindu and Arab, spread from east to 
west from Cathay to the land of the Aztec and the Islands of the far 
Pacific, bearing witness to a time when all men were brothers, learning 
the same tale at their nurse’s knee, this world-old story still forms an 
integral part of modern stellar science. 

As is well known, the celestial girdle called the Zodiac consists of a 
zone, or belt, of sky describing a great circle through the heavens, 
and extending eight degrees on either side of the Ecliptic, or apparent 
yearly path of the sun, including within its borders the paths, not of 
the sun only, but of the moon and planets as well. Even those who 
have but an almanac acquaintance with astronomy are familiar with 
its twelve, starry configurations, or “Signs”, each a monthly dwelling 
place for his solar majesty as he passes through the circuit of the 
seasons. It has been known by many names, repeated in many tongues 
In quaint old English usage it was the “Bestiary,” in allusion to the 
menagerie of living creatures it contains. In more devout mediaeval 
language it was “our Ladye’s Waye,” possibly as marking the course of 
the moon, celestial symbol of the Virgin Mother. Or again it was 
known simply as the “Girdle of the Skye”, while the ecliptic became 
the “Yoke of Skye” and the “Thwart Circle.” In Anglo-Saxon 
manuscripts we read of it as the “Mielan Circul Zodiacum”, the 

















Edith R. Wilson 153 





“great Zodiacal Circle,” and as the “Twelf Tacna”, or “Twelve Signs.” 
Our German friends call it the “Thier Kries,” still in allusion to its ani- 
mate character, but in Italy it is designated as “Rubecchio,” the Tuscan 
word for a mill wheel. Dante alludes toit in his Purgatorio, in a line 
which Longfellow renders, “The Zodiac’s jagged wheel.” Yet his phrase 
is but the echo of a thought milleniums old, for the Rig-Veda of India 
tells us that 


“The twelve spoked wheel 

Revolves around the heavens: 
Seven hundred and twenty children, 
In pairs, abide in it,” 


namely, three hundred and sixty days and nights. 

The name Zodiac itself can be definitely traced to Greek usage of 
about four centuries before Christ only. Aristotle mentions it as, 
“6 KUkAos Tov Swdiw", the “Circle of Living Creatures.” While others 
allude to it indifferently as, ta Awdexa tyu0pa, the twelve parts, or 
6 Swduxds Kixdos, the Living Circle. This latter nameis not now wholly 
applicable, since our modern sign, Libra, introduced to replace old 
Scorpio’s “Claws”, does not depict any animate form. Among the 
Greeks, as in earlier usage, Scorpio was considered a double sign, and 
his “Chelae”, or Claws, continued to protrude themselves menacingly 
towards Virgo, their next door neighbor in the zodiacal coterie, until 
shortly before the Christian Era, when Hipparchus (150 B.C.) is credited 
with having introduced the Balance to mark the Autumnal Equinox. 
The first undisputed appearance of this name, however, in astronomical 
literature, occurs in the Julian kalendar, introduced by Julius Caesar in 
46 B.C., so that the Romans also claim the sponsorship of this Sign, as 
betokening the equality of days and nights at the Equinoctial season, 
and with this thought, Manilius, the Roman poet of astronomy writes 


“Then day and night are weighed in Libra’s Scales, 
Equal awhile’ — 


a fancy often reéchoed by other poets, as by Thomson in his “Seasons,” 
where he exclaims 


“Libra weighs in equal scales the. year!” 


As we grope our way back, however, through the zodiacs of antiquity, 
we shall meet with Libra, or at least with a Balance Sign again, though 
somewhat differently depicted and it may be that the Romans with 
their Equinoctial Sign, simply revived a lost symbol somewhat differ- 
ently introduced. Homer wrote 


“The Eternal Father hung 
His golden scales aloft” 
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at a time supposedly prior to Greek acquaintance with the zodiac and 
its signs. But with neither Greek nor Roman will we find the primitive 
titles of the Via Solie and its twelve-fold divisions. 

Threading our way back through the mazes of Arabic, Hindu, and 
Chinese Zodiacal literature, in which myth and star worship threaten 
to obscure its scientific character, we reach perhaps the earliest known 
title of the Solar Way in the “Innum” and “Pidnu-sha-shame ” of the 
Accadians. The “Furrow of Heaven,” ploughed, it would seem, by the 
“Directing Bull”, leader of the starry twelve, for in all early allusions to 
the “Girdle of the Year”, the Bull, known to us as Taurus, from its 
Greeco-Roman usage, was.the leading sign, whose, hieroglyph was some- 
times even extended to include the entire belt. Allusions to this priority 
of Taurus are manifold, drawn, not from Euphratean astronomy alone, 
but from the records of other ancient systems, pointing us to an epoch 
when this Sign marked the place and time in which the sun crossed the 
Vernal Equinox. This condition of things has long since changed, and 
now, owing to what is technically called the “Precession of the Equinoxes,” 
the constellation of the Fishes has seized upon that vantage ground. 
But in the days of old, when Chaldean watchers noted his form and 
course, the Bull stood in proud preéminence, as herald of the vernal 
year and symbol of the Babylonian god, Marduk, the Spring sun — 
first among his brethren! 


—‘With his golden horns bright Taurus 
Opes the year’ — 


writes Virgil in his first Georgic, adhering, evidently to traditional lines, 
since at his date, far from opening the year with his horns, the stars of 
the Bull had slipped backwards along the ecliptic, humbly following in 
in the wake of his solar majesty, rather as appanage than usher to 
the king of day. 

In Hebrew astronomy, as it has been handed down to us from 
Talmudic sources and later Rabbinical writings, the Zodiac appears to 
have been known as “Galgal Hammazaloth” or, Circle of the Signs, a 
name which recalls the Biblical Mazzaroth (or Mazzaloth), also sup- 
posed by many scholars to refer to the zodiac. Indeed it is so translated 
in Second Kings 23:5 where mention is made of those who 
“burnt incense to Baal, and to the sun, and to the moon, and to 
the Twelve Signs, and to all the host of heaven.” This view finds 
confirmation in the kindred word, Mizrata, used for the signs in the 
Babylonian Creation Epic, as given to us by George Smith and, more 
recently, by Pére Scheil. In Hebrew nomenclature, the zodiacal Bull 
appears as “Shor” and as “Re’ém,” the latter term being rendered 
Rhinoceros in the Vulgate, and Unicorn in the King James Bible; 
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but more aptly, it would seem, as Wild Ox, in the Revised Version. 
Here too we find evidence of Taurine leadership in the choice of the 
Hebrew A or Aleph, as its designation, some of the Targums telling us 
that this first letter of their alphabet was originally the hieroglyph for 
a bull’s head, while Jewish legend associates the starry bull with the 
animal first offered in sacrifice by Adam. Flammarion, in his History 
of the Heavens, alludes to a practice among the ancient Persians of 
denoting the solar signs by successive letters of the alphabet, A stand- 
ing for Taurus, while their early worship of Mithra, as sun god, was 
connected with his passage through the same sign, symbolized on 
antique Mithraic coins and gems by the figure of a bull slain by a 
man. The Bundehesh, a comparatively modern Persian Cosmogony, 
alludes to the zodiacal divisions as the twelve “Akhtars” who lead the 
celestial army, and claim that the heavenly circle, with its component 
members, formed part of the original Zend-Avesta or Divine Law of 
Zoroaster. 

A singular resemblance between the Tauric cult connected with the 
worship of Mithra, and that of the Druids, has been noted by several 
writers, the great religious festival of the latter, the Tauric, being held 
when the sun entered that sign. A large number of Celtic and Gallic 
coins or medals have been preserved to us in the museums of Paris and 
Guéret, bearing astronomic symbols strongly suggestive of an eastern 
origin, where in the same field with the star or other astral character. 
some animal figure is portrayed, among them the Bull, the Lion, the 
Fishes and others identical with our solar signs; while, to bring the 
whole matter to a most homely conclusion, we are informed that our 
modern hot-cross-buns, eaten just before Easter, are relics of the same 
Druidical Spring feast, when Bull-cakes, stamped with an image of 
that animal and a cross, (this latter simply denoting the passage of the 
sun across the Equinox,) were distributed amongst the people. In the 
kindred Arabic and Hebrew terms, “Faden” and “Paden”, meaning 
Furrow, we have still another zodiac title connected with Taurus. But 
although these allusions show us how wide spread was the knowledge 
and veneration of the heavenly Bull, yet it is to the records of the 
four great civilizations which claim priority in astronomic research 
that we must turn to seek for original data as to the formation of the 
zodiac: to India, China, Egypt, and above all, to early Babylonia. In 
the ancient records of China we find traces of a complete zodiac, which 
must not be confused with a later one introduced after the advent of 
the Jesuits in that country. This ancient zodiac, known by celestials 
as the “Yellow Way”, progressed in reverse order to our own and to 
the early Babylonian, from which ours is presumably derived. It 
contains a complete menagerie, indeed, but of beasts quite diverse from 
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our long sanctioned twelve, and begins with the Rat, which corres- 
ponds to our Aquarius, the whole collection being known as the twelve 
“Kung”. 

For our knowledge of Chinese astronomy we are primarily indebted to 
Jesuit Missionaries, the first details being supplied us by Father 
Souciet’s “Observations”, published in 1729, supplemented later by 
Father Moyriac de Mailla’s “Annals of the Chinese Empire”, collected 
between 1777 and 1785. Other scholars have spoken more recently, 
but even today much of their information is to be found in what is 
known as “Reeves Appendix,” virtually a translation of the 31st Book 
of the “Leuh; Leih, Yuen, Yuen,” a somewhat lengthy compilation in 
one hundred volumes, published in the reign of Kang Hi with Jesuit 
assistance. Inthe extremely lively circle of Chinese “Kung”, we note 
the Rat, the Boar, the Ox, the Tiger, the Hare, the Dragon, the Serpent, 
the Horse, the Ram, the Ape, the Cock and the Dog. Here although 
a Ram and an Ox or Bull enter into the scheme, they are not iden- 
tical with our Aries and Taurus. The order and content of the Chinese 
Zodiac seem perplexing at first, but a little study tends to throw light 
on the subject. The Rat being the Chinese ideograph for water, we 
see first the propriety of its association with Aquarius. Next we 
find, accepting provisionally their national claims regarding historic 
data, that this order of the zodiac can trace its pedigree back to the 
year 2637 B.C., when it received the royal sanction of the Emperor 
Hwang Ti. At this epoch the Vernal Equinox would still have been 
within the limits of the starry Bull, while Aquarius, or the Rat, would 
have marked the winter Solstice, the time of the Chinese New Year’s 
day. Since our zodiacal order is due to the fact that in ancient Baby- 
lonia the year began with the Vernal Equinox, it seems natural that 
the Chinese order should accord with that of their own year. Chinese 
astronomy however contains hints of a still earlier and simpler zodiac 
in which the “Kung” are included in four groups only, called Yuen 
(enclosure). Here the Rat, Aquarius, with Capricornus and Pisces com- 
posed the Yuen known in earliest times as the “Serpent” or “Turtle” 
and later as the “Dark Warrior.” This Yuen was traditionally associ- 
ated with the Emperor Tchoun Hin, in whose reign a “Great deluge 
occurred.” But in addition to these two solar belts China boasts also 
a Lunar Zodiac, consisting of 28 “Sien” or mansions of the moon. 
This venerable division of the Ecliptic meets us in India, Arabia, and 
the ancient Sogdiana, and finds its equivalent in the so called Decans 
of Chaldea and Egypt. 

Much of poetry and fanciful suggestion clings to this lunar girdle, 
especially among the Hindus and Arabs where almost all travel is 
conducted by night. The religious importance of the moon in deter- 
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mining the date of feasts has also given it a special prominence. 
Inasmuch, however, as moon and stars can be seen together and the 
progress of the Queen of Night among them, therefore, directly watched, 
certain archaeologists consider the Lunar Zodiac as prior to the Solar 
one—indeed, among the earliest attempts at stellar science,—a view 
strengthened by the title, common to several eastern nations, of 
“Watcher of the Lunar Stations,” to denote an astronomer. While the 
component stars of these lunar asterisms agree, for the most part, 
among ancient nations, their names vary considerably. Nevertheless, 
from the agreements existing the Sanskrit scholar, Whitney, believed 
their Hindu, Chinese, and Arabic forms to be derivatives of one 
common root. In India the Sien of China transformed themselves 
into “Nakshatras,” as in Arabia they became the “Al Ribatat,” “Wayside 
Inns”, or alternatively, “Al Mandzil al Kame”, “Resting Places” of 
the moon. The term signifying literally the noonday halt of the Arab 
camel driver and conjuring up for us a vivid picture of wild nomad 
life:-—of the heat and silence of some arid plain under the burning eye 
of day, or of the quiet calm and intense clearness of the blue dome of 
midnight. The Hindus drew the the names of their months from 
these Lunar Stations, as we shall see the Chaldeans did from their 
Solar ones. Considerable discrepancy exists however among scholars 
as to the weight to be attached to India’s claims in regard to early 
astronomic study. Enthusiastic Indiophilists a century ago, such as 
Sir William Jones and A. Von Schlegel, believed the cradle of Astron- 
omy to be found among the Himalayas, and Bailly, in his “Treatise 
on Indian Astronomy,’ adopts a somewhat similar view, [Jean 
Sylvain Bailly, French Astronomer, not to be confused with the Eng- 
lish, Francis Baily.] The lack of definite chronology among the Hin- 
dus and the evidently fabulous length of their cosmic periods have 
provoked the incredulity of more recent scholars. According to 
their own account however the systematic beginnings of their study 
of astronomy and the composition of the formulae which they use in 
their calculations (often now unintelligently), date back to the year 
3102 B. C., the opening of the present corrupt, or Iron Age, denominat- 
ed Kali-yuga, in which we live. Their most important work, the “Surya 
Siddhanta”, “Straight Standard Book of the Sun”, having been given 
them by divine assistance. From such happy beginnings, great results 
might have been expected and were indeed to some extent attained, 
but it is difficult in the present state of our knowledge to say how far 
Hindu astronomy was influenced later by outside influence, especially 
by the Greeks. Of the Indian Zodiacs now known to us, Bailly dis- 
cusses especially two: one presented to the English astronomer royal, 
Maskeline, and described by him in “Philosophic Transactions” of the 
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year 1772; the second, known as the Indian Sphere of Scaliger, being 
one of three given by that brilliant scholar of the Renaissance in his 
Commentaries on Manilius, the Latin Poetof Astronomy. In the former 
the 12 Signs are arranged in a hollow square around the central figure 
of a seated divinity, possibly symbolizing the sun. They are grouped 
in threes, with vacant spaces at the equinoxes and solstices. The “head 
and tail” of the serpents, “Rahu” and “Kitu”, to designate the Equinox- 
es, recalls an old astronomic legend to which Southey alluded in his 
Indian poem, the “Curse of Kehama”, and of which vestiges survived 
down to comparatively recent times, in the nautical term, “head and 
tayle of the dragon” to indicate the nodes of the moon, or points in 
which her orbit intersects the Ecliptic. In this Zodiac, the Vernal 
Equinox seems placed between the Bull and the Ram, as the Summer 
Solstice between between the Lion and the Crab. While these four 
signs are similar to our own, others are quite diverse, some of them, 
however, coincide with variations found in the Babylonian Zodiac. The 
Sphere of Scaliger offers certain other peculiarities, as a man holding a 
scale for Libra, a Fisherman for Aquarius etc. Theoretically the Hindus 
recognize two distinct Zodiacs, one fixed the other movable, thus 
showing a knowledge, original or derived, of the Precession of the 
Equinoxes. The slow westward movement, that is to say, of the in- 
tersecting points of the Ecliptic and celestial Equator. The immovable 
Zodiac places our Aries as its first Sign, not because of its correspond- 
ence with the Vernal Equinox at the dawn of their own astronomical 
genesis, but because of a supposed conjunction of the Seven Planets,— 
i. e. the sun, moon and five then known planets, in the first point of 
Aries, at the Creation of the World—a tradition we shall meet again 
elsewhere. Although it would seem that later Hindu Zodiacs began 
with the Ram also, established perhaps through Greek influence, yet 
early astronomers testify to an ancient order in which Aquarius, on 
the banks of the Ganges, as in China, marked the Winter Solstice, an 
arrangement which as we have seen in our study of the “Yellow 
Way”, would correspond to the Taurine Era of the Vernal Equinox. 
Al Biruni, a famous Arabian Astronomer, who wrote his “India” 
about the year 1000, but whose works are quoted even today, tells 
us that at one time, Aquarius was known in India as “Khumba” or 
“Khumbaba,” a name so closely allied to that of the baleful storm 
god slain by the solar hero, Gisdhubar, in the Babylonian Epic of 
the Deluge as to make us doubtful of its Indian origin. The astron- 
omer Lalande, however, a great investigator of star titles, repeats 
the statement, under a slightly different orthography. 


To be Continued. 
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PLANET NOTES FOR APRIL, 1913. 


The sun will move northward about ten and one-fourth degrees during this month. 
Its path eastward will extend from Pisces into the constellation Aries. 
of the month it will be near the Pleiades and the bright star Aldebaran. 
The phases of the moon for this month are as follows: 


By the end 


New Moon Apr. 6 at12m. C.S.T. 
First Quarter s* tien * 
Full Moon 20" 4pm. “ 
Last Quarter wm’ Bwex * 


ROZIZOW Hiton 


west wostzon 


MCUTH MORIZON 


THE CONSTELLATIONS AT 9:00 p. mM. Aprit 1, 1913. 
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Mercury will reach a point of greatest western elongation on April 24. At this 
time it will be several degrees south of the sun. On and near this date it will rise 
about an hour and a half before the sun and will be visible in the southeast. 

Venus will have retrograde motion during this month and will move rapidly 
toward the sun until April 24, on which date it passes between us and the sun. 
It will be visible near the western horizon at sunset in the early part of the month 
but will soon become lost in the rays of the sun, and will not reappear in the morn- 
ing sky until the early part of May. 

Mars will rise two or three hours before the sun. It will be south of the 
equator during the entire month and will reach its greatest heliocentric latitude 
south on April 23. It will not be very well situated for observation during this month. 

Jupiter will be conspicuous as the morning star during the month. On April 
6 it will be in quadrature, being six hours west of the sun. It will therefore be on 
the meridian at sunrise on this date. It will be nearly as far south as the farthest 
position south that the sun reaches at any time. For that reason it will not be so 
favorably situated for us as if it were farther north. 

Saturn will be visible low in the west at sunset. It will be difficult to observe 
because of its being so near the horizon. 

Uranus will be a short distance north and east of Jupiter. It will be in 
quadrature on April 27. It will then be on the meridian at sunset. 

Neptune will be on the meridian at sunset on April 13. It will therefore be 
well situated for observation throughout the month. 





Occultations Visible at Washington. 
IM MERSION. EMERSION 


Date Star's Magni- W ashing- Angle Washing- Angle Dura- 
1913 Name tude ton M.T. f'm N. ton M.T. fin N tion 
h m al h -m 2 h m 

Apr. 12 49 Aurigae 5.1 7 #O 142 7 59 242 0 59 
17 89 Leonis 5.7 13 32 100 14 28 327 0 56 

18 162 B. Virginis 6.2 14 41 165 15 27 259 0 46 

19 g Virginis 5.6 6 21 113 7 19 315 0 58 

21 47 G. Librae 6.1 10 34 108 11 44 316 1 10 

22 48 B. Scorpii 4.9 9 42 105 10 46 306 i 4 

22 +65B. Scorpii 5.5 12 14 96 13 30 312 1 16 

25 183 B. Sagittarii 6.2 13 10 120 14 19 240 : ® 

29 182B. Aquarii 6.2 16 18 27 17 25 273 1 7 





Phenomena of Jupiter’s Satellites. 
CENTRAL STANDARD TIME. 


1913 h mm 1913 — 
Apr. 3 15 05 I Sh. In. Apr. 19 13 19 I Sh. In 
3 GS mw i tt hh. 19 14 36 I Tr. In. 
4 15 56 I Oc. Re. 19 15 36 I Sh. Eg. 
5 14 31 =x Tr. in. 20 14 11 I Oc. Re. 
5 14 39 II Sh. Eg. 25 12 31 If Sh. Eg. 
7 14 39 Ill Ec. Re. 25 14 24 II Tr. In. 
11 14 16 I Ec. Dis. 26 if 12 I Sh. in. 
12 = 44 ~«6©T COTS. in. 27 12 32 I Ec. Dis. 
12 13 43 +I Sh. Eg. 28 Ss i2 ££ Te Se 
12 14 27 Il Sh. In. 28 13 30 IV Sh. In. 
12 1 Of I Te.. Eg. 28 14 03 II Ec. Dis. 
14 14 16 II Oc. Re. 28 15 17 IV Sh. Eg. 
14 15 45 III Ec. Dis. 30 11 46 MII Sh. Eg. 
18 13 49 III Tr. Eg. 30 1415 Ht Te. Ee. 


Note: —In., denotes ingress; Eg., egress; Dis., disappearance; Re., reappearance; 
Ec., eclipse; Oc., occultation; Tr., transit of the satellite; Sh.,. transit of the shadow. 
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Satellites of Jupiter April, 1915. 
WASHINGTON MEAN TIME. 


Phases of the Eclipses of the Satellites for an Inverting Telescope. 








Configurations at 15% 0™ for an Inverting Telescope. 


West East 





;, ; <= Resets 
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Variable Stars 








VARIABLE STARS. 


Approximate Magnitudes of Variable Stars on Feb. 1, 1913. 


(Communicated by the Director of Harvard College Observatory, Cambridge, Mass.] 


Name. 


X Androm. 
T Androm. 
T Cassiop. 

R Androm. 
U Cassiop. 


RW Androm. 


V Androm. 
RR Androm. 
RV Cassiop. 
W Cassiop. 
Z Ceti 

U Androm. 
S Piscium 

S Cassiop. 
RZ Persei 

R Piscium 


RU Androm. 


Y Androm. 
R Arietis 
W Androm. 
Z Cephei 

o Ceti 

S Persei 

R Ceti 

RR Persei 
RR Cephei 
R Trianguli 
T Arietis 
W Persei 
U Arietis 
X Ceti 

Y Persei 

R Persei 

T Eridani 
W Eridani 
R Tauri 

W Tauri 

S Tauri 

T Camelop. 
RX Tauri 
X Camelop. 
V Tauri 

R Orionis 
R Leporis 
V Orionis 
T Leporis 
R Aurigae 
S Aurigae 
RR Tauri 
U Aurigae 
SU Tauri 


h 
0 


3 


R.A. 
1900. 


m 


10.8 
17.2 
17.8 
18.8 


Decl. 
1900. 


° 


+46 
+26 
+55 
+38 
+47 
+32 
+35 
+33 
+46 
+58 
+40 
+ 8 
+72 
+50 
+32 
+38 
+38 
+24 
+43 
+81 
sy 
+58 
aly 
+50 
+80 
+33 
+17 
+56 
+14 
ay 
+43 
+35 
—24 
—24 
+. g 
415 
+9 
+65 
+ 8 
+74 
+17 
+7 
—14 
+3 
ft 
+53 
+34 
+26 
+31 
+19 


, 


27 
26 
14 

1 
43 

8 

6 
50 
53 

1 

1 
11 
24 
5 
20 
22 
10 


50 < 


35 


50 < 


13 
26 

8 
38 
49 
42 
50 

6 
34 
25 
26 
50 
20 
20 


24 < 


56 
49 
44 
57 

9 
56 
22 
59 
57 
58 

2 
28 

4 
19 
59 

2 


Magn. 


11.87 
12.7 

10.7d 
6.8 
<12.0 
10.8 
9.5 
8.8 
11.0 

10.2 7 
<12.0 


wwwc 


13. 
13: 
13.6 


/ Nf 
_ —- —- 
G0 me oS i SS oe 
~ ~ ™~, ~. 


oo 
IWIN SWOR SOROS ROMA 


GO < 
oo 
S 
nN 


io oS) 
= Ss 
er) 


11.8 
<11.0 
11.0 
10.6d 
10.77 
14.0 

8.8 7 
13.0 
7.7 
12.0 

9.67 
7.5 
9.8 
<10.0 

10.0d 
9.3 

10.9 

12.9 

10.0 


Name. 


SV Tauri 

Z Tauri 

U Orionis 
V Camelop. 
Z Aurigae 
RL Gemin. 
S Leporis 
X Aurigae 
W Camelop 
V Monoc. 
U Lyncis 

S Lyncis 

X Gemin. 
RX Gemin. 
W Monoc. 
Y Monoc. 
R Lyncis 
RS Gemin. 
V Can.Min. 
R Gemin. 

R Can.Min. 
RR Monoc. 
S Can.Min. 
U Can.Min. 
U Puppis 
R Cancri 

V Cancri 
RT Hydrae 
U Cancri 

X Urs. Maj. 
S Hydrae 
T Cancri 

Y Draconis 
T Leo.Min. 
R Leonis 

R Urs.Maj. 
W Leonis 
S Leonis 

T Can. Ven. 
T Urs.Maj. 
RS Urs. Maj. 
S Urs. Maj. 


RR Urs. Maj. 


R Hydrae 
S Virginis 
T Urs. Min. 
R Can. Ven. 
U Urs. Min. 
R Camelop. 
S Urs. Min. 
R Cor. Bor. 


R.A. 
1900. 


h 
5 


i 2) 


15 


m 
45.8 
46.7 
49.9 


33.4 
44.4 


Decl. 
1900. 
c , 


+28 5 
+15 
+20 
+74 § 
+53 
+22 
—24 11 
+50 
+75 
—2 9 
+59 
+58 0 
+30 
+33 
—7 2 
+11 
+55 
+30 
+9 2 
+22 
+10 11 
+ 1 
+ 8 32 
+ 8 37 
—12 
+12 2 
+17 
— 5 
+19 
-+50 30 
+ 3 
-+20 
+78 
+34 
+11 
+53 
+14 
+6 0 
+32 3 
+60 2 
+59 2 
+61 § 
+62 
—22 
— 6 
+73 
+40 2 
+67 
+84 
+78 
+28 


Magn. 


ie 


ms 


—— 
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Approximate Magnitudes of Variable Stars on Feb. 1, 1913. 


Continued. 
Name. R. A. Decl. Magn. Name. R.A Decl. 

1900. 1900. 1900 1900 Magn 

hm ca es h m Pe 
W Cor. Bor. 16 11.8 +38 3 <12.0 RZ Cygni 48.5 +4659 11.1 
R Urs. Min. 31.3 +72 28 9.4 TW Cygni 21 18 +29 0 <12.0 
R Draconis 32.4 +6658 10.7d X Cephei 3.6 +8240 113d 
S Herculis 47.4 +15 7 8.5d R Equulei 8.4 +12 23 11.2d 
X Draconis 18 68 +66 8 <12.0 T Cephei 8.2 +68 5 9.6d 
SV Draconis 31.2 +49 18 <12.0 W Cygni 32.2 +44 56 6.0 
RY Lyrae 41.2 +34 34 <11.0 S Cephei 36.5 +78 10 10.0 
Z Lyrae 56.0 +34 49 <11.0 RU Cygni 37.3 +53 52 8.8 
V Lyrae 19 5.2 +29 30 10.2 RT Pegasi 59.8 +34 38 11.8 
S Lyrae 9.1 +25 50 <13.0 Y Pegasi 22 68 +13 52 <12.0 
U Draconis 99 +67 7 13.6 RS Pegasi 74 +14 4 <12.0 
TZ Cygni 13.4 +50 0 10.7 RV Pegasi 21.0 +2958 11.1 
U Lyrae 16.6 +37 42 10.9 S Lacertae 246 +39 48 8.1 
R Cygni 34.1 +49 58 7.7i  R Lacertae 38.8 +41 51 <12.0 
RT Cygni 40.8 +48 32 8.4% S Aquarii 51.8 —20 53 10.2d 
TU Cygni 43.3 +48 49 <11.0 RW Pegasi 59.2 +14 46 9.0 
Z Cygni 58.6 +49 46 9.77 R Pegasi 23 16 +10 0 101d 
RS Cygni 20 9.8 +38 28 7.5 V Cassiop. 74 +59 8 11.4 
SX Cygni 11.6 +30 46 8.2 W Pegasi 148 +25 44 11.5d 
V Sagittae 15.8 +2047 12.0 ST Androm. 33.8 +35 13 9.9 
U Cygni 16.5 +47 35 9.5 Z Cassiop. 39.7 +56 2 <13.0 
ST Cygni 29.9 +54 38 9.4 RR Cassiop. 50.7 +53 8 11.2 
S Delphini 38.5 +16 44 9.0d _R Cassiop. 53.3 +50 50 13.5 
V Cygni 38.1 +47 47 <11.0 Y Cassiop. 58.2 +55 7 118d 
T Delphini 40.7 +16 2 114d SV Androm. 59.2 +39 33 8.1 


The letter 7 denotes that the light is increasing; the letter d, that the light is 
decreasing; the sign < that the variable is fainter than the appended magnitude. 

The above magnitudes have been compiled at the Harvard College Observatory 
from observations made by the following observers:—H.C. Bancroft, T.C.H. Bouton, 
A. P. C. Craig, E. L. Forsyth, C. E. Furness, N. V. Ginori, E. Gray, F.E. Hathorn, 
S. E. Hunter, M. W. Jacobs Jr., J. B. Lacchini, F.C. Leonard, C. Y. McAteer, W.T. 
Olcott, P. G. O’Reilley, F. E. Seagrave, D. Todd, H. W. Vrooman, I. E. Woods, and 
A.S. Young. 





Minima of Variable Stars of Short Period. 
[Calculated by Myrtle L. Richmond, E. R. Peterson and S. N. Stearns 
at Goodsell Observatory. } 


Given to the nearest hour in Greenwich mean time; to obtain eastern Standard 
time subtract 5"; Central Standard 6". etc. 


Star R. A. Decl, Magni- Approx. Greenwich mean time of 


1900 1900 tude Period minima in April 1913 

—" < d oh i tak £2 
RT Sculptor 0 31.5 —26 13 9.6—10.5 0 12.3 1 22; 914,17 6; 24 22 
UU Androm. 38.5 +30 24 10.7—11.9 1 11.7 6 7: 13 18; 21 4; 28 14 
U Cephei 0 53.4 +81 20 70— 9.0 2 11.8 3 3; 10 15; 18 2; 25 14 
Z Persei 2 33.7 +41 46 9.412 3 01.4 220; 8 23; 21 4; 27 7 
RY Persei 39.0 +47 43 8.0—10.3 6 20.7 5 23; 12 20; 19 17; 26 14 
RZ Cassiop. 39.9 +69 13 64— 7.8 1 04.7 5 2; 12 6; 19 10; 26 14 
ST Persei 53.7 +38 47 8.5—10.5 2 15.6 4 2,12 1;20 0: 27 2 
RX Cassiop. 2 58.8 +67 11 8.6— 9.1 32 07.6 12 4 
Algol 3 01.7 +40 34 23— 3.5 2 208 3 13; 9 7; 20 18; 26 11 
RT Persei 16.7 +46 12 95—11.5 0 20.4 2 8; 9 4; 22 18; 29 13 
» Tauri 55.1 +1212 34— 45 3 22.9 4 8 12 5; 20 3; 28 1 
RW Tauri 3 57.8 +27 51 7.1—<11 2 18.5 1 7; 9 15; 17 22.26 § 
RV Persei 4 042 +33 59 95—11.0 1 23.4 1 1; 6 23; 18 19; 24 17 
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Minima of Variable Stars of: Short Period.—Continued. 


Star 


RW Persei 
SZ Tauri 

RS Cephei 
TT Aurigae 
RY Aurigae 
RZ Aurigae 
SV Tauri 

SV Gemin. 
RW Gemin. 
U Columbae 
SX Gemin. 
RW Monoc. 
RX Gemin. 
RU Monoc. 
R Can. Maj. 
RY Gemin. 
Y Camelop. 
RR Puppis 
V Puppis 

X Carinae 

S Cancri 

S Antliae 

S Velorum 
Y Leonis 
RR Velorum 
SS Carinae 
ST Urs. Maj. 
RW Urs. Maj. 
Z Draconis 
SS Centauri 
6 Librae 

U Coronae 
TW Draconis 
114.1908 Librae 
SW Ophiuchi 
SX Ophiuchi 
R Arae 

TT Herculis 
TU Herculis 
U Ophiuchi 
u Herculis 
TX Herculis 
RV Ophiuchi 
SZ Herculis 
TX Scorpii 

Z Herculis 
WX Sagittae 
WY Sagittae 
SX Draconis 
RS Sagittarii 
V Serpentis 
RZ Scuti 

RZ Draconis 
RX Herculis 
SX Sagittarii 
RR Draconis 
RS Scuti 

8B Lyrae 

U Scuti 


ot > 


fr) oun 


Decl 
1900 


° 


+42 
+18 
+80 
+39 
+38 
+31 
+28 
+24 
+23 
—33 
+20 
—7 
+33 


4+ 8! 


—16 
+15 
+76 
—41 
—48 
—58 
+19 
—28 
—44 
+ 26 


—41 - 


—61 
+45 
-+ 52 
+72 
—63 
— 8 
+ 32 
+64 
—15 
— 6 
— 6 
—56 
+17 
+30 
+ 1 
+33 
+42 
+7 
+33 
— 34 
+15 
—17 
—23 
+58 
—34 


—15 % 


—9 
+ 58 
+12 
—30 
+62 
—10 
+33 
—12 


, 


04 
20 
06 
27 
13 
40 
05 
28 
08 
03 
37 


44 
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04.8 
03.6 
10.1 
16.0 
17.5 
00.3 
04.0 
00.2 
20.8 
19.2 
08.8 
21.5 
05.0 
21.7 
03.3 
07.2 
07.3 
10.3 
10.9 
13.0 
11.6 
07.8 
22.4 
16.5 
20.5 
07.2 
19.2 
07.9 
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; 18 
a 
; 20 
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& 
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h d 


3 
11; 24 
7 


21; 27 
16; 26 
21; 30 
11; 27 
14; 30 
13; 29 


18; 26 
11; 26 
t7; 
3; 30 
13; 30 
17 


9; 

15; 25 
4; 28 
4; 29 
11 

16; 25 
18; 28 
0 

22 

9; 26 
10 
10; 30 
8; 25 
12; 28 
23; 26 
16; 24 


19; 27 


h 
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. Minima of Variable Stars of Short Period—Continued. 


Star R. A, Decl. Magni- Approx. Greenwich mean times of 

1900 1900 tude Period minima in April 1913 

h om ° , d h da h d h d bh d h 
RX Draconis 19 01.1 +58 35 9.3—10.2 1 21.5 110; 9 0; 16 13; 24 3 
RV Lyrae 12.5 +32 15 11.—13 3 144 3 20; 11 1; 18 6; 25 10 
RS Vulpec. 13.4 +22 16 6.9— 8.0 4 11.4 5 3; 14 2; 23 1 
U Sagittae 144 +19 26 6.7— 9.0 3 09.1 4 23; 10 17; 17 11; 24 5 
Z Vulpec. 17.5 +25 23 73— 8.5 2 10.9 5 20; 13 4; 20 13; 27 22 
TT Lyrae 243 +41 30 9.0—<11 5 058 Ss & ht @2i ga Ss 
120.1907 Draconis 19 26.2 +68 44 9.3—10 1 15.1 5 0; 11 13; 18 2; 24 14 
SY Cygni 19 42.7 +32 2810 —12 6 00.2 6 6; 12 6; 24 6; 30 7 
WW Cygni 20 00.6 +41 18 9.5—12.5 3 07.6 917; 16 8; 23 0; 29 15 
SW Cygni 03.8 +46 01 9.—12 4 13.8 5 0; 14 3; 23 7 
VW Cygni 11.4 +34 12 9.5—11.5 8 10.3 6 4; 14 14; 23 1 
RW Capric. 12.2 —17 59 88—10.6 3 09.4 219; 9 14; 23 3; 29 22 
UW Cygni 19.6 +42 55 105-13 3 10.8 1 5; 8 3; 21 22; 28 20 
V Vulpec. 32.3 +26 15 8.0— 9.0 37 19.0 30 2 
W Delphini 33.1 +17 56 9.5—11.5 4 19.4 7 18; 17 9; 26 23 
RR Delphini 38.9 +13 35 10.5—11.8 4 14.4 8 18; 17 23; 27 3 
Y Cygni 48.1 +3417 7.1— 7.9 1 12.0 3 4; 10 16; 18 4; 25 15 
WZ Cygni 49.3 +38 27 9.8—10.8 0 14.0 5 14; 11 10; 23 3; 28 23 
RR Vulpec. 20 50.5 +27 32 9.6—11.0 5 01.2 5 1;15 4,25 6; 30 7 
VV Cygni 21 02.3 +45 23 12.1—13.8 1 11.4 419; 12 4; 19 14; 26 23 
AE Cygni 09.0 +30 20 10.8—11.4 0 23.3 4 6; 13 23; 23 15 
UZ Cygni 55.2 +43 52 9. —11.5 31 07.3 16 21 
RT Lacertae 21 57.4 +43 24 9.1—10.5 5 01.7 5 5; 15 9; 25 12; 30 14 
RW Lacertae 22 40.6 +49 08 10.2—11.2 5 04.4 2 6; 12 15; 23 0; 28 5 
X Lacertae 22 45.0 +55 54 82— 86 5 10.6 321; 9 7; 20 5; 25 15 
TT Androm. 23 08.7 +45 36 10.5—11.3 2 18.3 3 1; 11 8; 18 15; 27 22 
Y Piscium 29.3 + 7 22 9.0—12.0 3 18.4 7 13; 15 1; 22 14; 30 3 
TW Androm. 23 58.2 +32 17 86—11.5 4 02.9 7 21; 16 3; 24 9 


Maxima of Variable Stars of Short Period. 


[Calculated by May E. Abbott, Hazel H. Barnard, Helen A. Orr, and 
Myrtle L. Richmond at Goodsell Observatory. | 


Given to the nearest hour in Greenwich mean time. 


To obtain Eastern standard 
time subtract 5"; Central standard time 6" etc. 


Star R.A. Decl Magni- Approx. Greenwich mean times of 
1900 1900 tude Period maxima in April 1913. 
h m o 7 d h d h 4d h a oh a h 
SX Cassiop. 0 05.5 +54 20 86-— 9.4 36 13.7 28 13 
SY Cassiop. 0 09.8 +57 52 93-99 4 1.7 7 5; 15 8; 23 12 
RR Ceti 1 27.0 + 050 83— 9.0 013.3 3 18; 11 12; 19 6; 27 0 
RW Cassiop. 1 30.7 +5715 89-—11.0 1419.2 1 17; 16 12 
V Arietis 209.6 +1146 83— 9.0 0238 3 1; 11 0; 18 22; 26 21 
SU Cassiop. 2 43.0 +68 28 65— 7.0 1 228 5 21; 13 16; 21 11; 29 6 
TU Persei 3 01.8 +52 49 114—122 0146 212; 919;17 2; 24 9 
RW Camelop. 3 46.2 +58 21 82— 9.4 16 00.0 15 0 
SX Persei 410.2 +41 27 104—11.2 4069 3 21; 12 11; 21 1; 29 15 
SV Persei 428 +4207 88— 9.6 1103.1 9 5; 20 8 
RX Aurigae 4545 +39 49 7.2— 8.1 1115.0 3 20; 15 11; 27 2 
SX Aurigae 5 046 +4202 80—87 1128 119; 911;17 3; 2419 
SY Aurigae 05.5 +42 42 84— 9.5 1003.3 2 19; 12 22; 23 2 
Y Aurigae 21.6 +42 21 86—96 3206 8 5; 15 22; 23 15 
RZ Gemin. 5 56.6 +22 15 9.1—100 5127 3 1; 14 2; 25 3; 30 16 
RS Orionis 6 16.5 +1443 78—85 713.4 2 22; 10 12; 18 1; 25 14 
Monoc. 19.8 + 708 5.7— 68 27 00.3 13 6 
RZ Camelop. 23.7 +67 06 11.0—13.0 011.5 6 1; 13 6; 20 11; 27 16 
W Gemin. 29.2 +15 24 68—76 7220 2 9; 10 7; 18 5; 26 8 
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Maxima of Variable Stars ot Short Period.—Continued. 
Star R. A. Decl. Magni- Approx. Greenwich mean times of 
1900 1900 tude Period maxima in April 1913. 
m ° , d ih h doh d bh 4d oh 
¢ Gemin. > 58.2 +20 43 3. g 03.7 ; 12 10 
RU Camelop. 10.9 §1 8. 9.8 22 06.5 ll 6 
RR Gemin. 15.2 31 04 10. P 09.5 s 16 10; 3 
V Carinae 26.7 -—59 47 7.2 f > 16.7 ; 2 & 2 
T Velorum 34.4 01 B 5 15.3 ait @% 
W Carinae 919.2 —55 32 7. é 08.9 . 10 23; if 
W Ursae Maj. 9 36.7 +56 24 7.5 6 04.0 1 eo 
RR Leonis 02.1 24 03 «9. 3 10.9 . hs 
SW Draconis 32.2 7 53 «COB: 9. 16.0 314 3: 3 
S Muscae 07.4 36 «6.5 ; 9 15.8 a: a 
SU Draconis 12.8 04 8. 9.6 13.7 sis &! 
T Crucis 15.9 .B. 7; 17.6 1; 10 18; ¢ 
R Crucis 18.1 - D. " 5 19.8 : @2 
S Crucis 48.4 57 53 6.6 } 16.6 Ss: 13 
RZ Centauri 55.6 4 05 uo a 21.0 : 23 
W Virginis 20.9 252 8 , 06.5 17 
RV Ursae Maj. 3 29.4 d 2:2... § 11.2 9; 11 
ST Virginis 22.5 p 09.9 2; 9 
V Centauri 25.4 : 6.4— 7.8 5 11.9 . 13 
RS Bootis 29.3 32 8.9—10.0 09.1 ee, 15 
RU Bootis 41.5 2 12.8 —14.3 11.9 ; 9 
R Triang. Austr. 10.8 6.7— 7.4 3 09.3 5 11 
S Triang. Austr. 52.2 —63 2 > 07.8 : eae: 
S Normae > 10.6 —57 3s 5 ; 9 18.1 
RW Draconis 33.7 +8 3 9.6 M 10.6 
RV Scorpii > 51.8 33% }. J > 01.5 i 2g 
X Sagittarii 41.3 t : 00.3 2; 14 
Y Ophiuchi 47.3 3. f 02.9 16 
W Sagittarii 58.6 35 4. 5 14.3 ; 10 23; 
Y Sagittarii 15.5 § , 3.2 18.6 ; 10 
U Sagittarii 26.0 y 5 > 17.9 ; 14 
Y Scuti 32.6 08.3 18 
Y Lyrae 34.2 12.1 10 
RZ Lyrae 39.9 12.3 9 
RT Scuti 44.1 11.9 12 
« Pavonis 46.6 9 02.2 17 
U Aquilae 24.0 00.6 12 
XZ Cygni 30.4 11.2 9 
U Vulpec. 32.2 23.5 16 
SU Cygni 40.8 3 20.3 . 43 
n Aquilae 47.4 04.2 i: 34 
S Sagittae §1.5 09.2 
X Vulpec. 53.3 > 07.7 
XX Cygni 01.3 -¢ 10.5...11.5 03.2 
X Cygni 39.5 +35 }. f > 09.3 
T Vulpec. 47.2 ai de §: i. 10.5 
WY Cygni 52.3 : 3 9.5- . 13.5 
RV Capric. 55.9 5 37 9.3 , 10.7 
TX Cygni 56.4 2 2 N. 9. 17.4 
VY Cygni 00.4 q of 9. 20.6 
VZ Cygni 47.7 +42 9.3 20.7 
Y Lacertae 05.2 3 6 07.8 
6 Cephei 25.5 57 3. . 5 08.8 
Z Lacertae 36.9 & 9. 21.3 
RR Lacertae 37.5 § &§ a. 9. > 10.1 
V Lacertae 44.5 Y § 23.6 
SW Cassiop. 03.7 9.2 9. 5 10.6 
RS Cassiop. 32.6 51 52 9. i > 07.1 
RY Cassiop. - 9.3 a 2 03.4 
U Pegasi 9. 9.§ 04.5 
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Observations of Variable Stars made at Dombaas (Norway) by 
Sigurd Enebo is the name of a pamphlet issued in May,1912. The observations 
included in it have been made since the summer of 1909, except in one case in 
which are included some made as early as 1907. Thestars observed are the following: 

Seven long period variables (TX and TY Androm., RS Aurigae, V Ursae Min., 
SZ Lyrae, AF and AI Cygni), 

Three short period variables (SX Aurigae, S and RR Lacertae), 

One Algol type variable (RZ Camelopardalis), 

One U Geminorum type (SS Aurigae), 

Two RV Tauri type (RV Tauri and TV Androm.) and 

Four stars (TY Draconis, RY Lacertae, RX Ursae Maj., and RW Aurigae,) which 
also possibly belong to the very interesting though as yet little known RV Tauri type. 

The method of observation was that used by Argelander, and the magnitudes 
are based largely upon the BD. stars and others fainter than the BD. stars but whose 
magnitudes are known. This is a valuable contribution to the rapidly growing body 
of literature of variable stars. 





Variable Star Classification According to a Natural System. — 
In the Journal of the British Astronomical Association for December 1912, Mr. A. 
Stanley Williams suggests a new system for classifying variable stars. A new 
plan of classification is made desirable, if not necessary, by the recent facts that 
have been brought to light relative to the causes of the variability of stars. The 
former classifications, which distinguish between stars of the Algol type and the 8 
Lyrae type, are no longer true to the facts, since refined measures show Algol itself 
to be of the 6 Lyrae type, the secondary minimum, however, being relatively small 
and consequently easily overlooked. Furthermore it is quite probable that short 
period variables are in general explainable as binary and multiple systems, the 
variation being nothing more nor less than an eclipse phenomenon; the long period 
variables are probably single, isolated stars and the cause of their variability is 
probably inherent inthe stars themselves. These facts lead tothe following natural 
systems of classification: 


OrpER I. BINARY OR COMPOUND VARIABLES. 


a. Algol Type, in which the variation is caused by eclipses, but the secondary 
minimum is either not apparent, or else is small in comparison with the primary 
minimum. 


b. 8 Lyrae Type. Variations caused by eclipses, the secondary minimum 
being marked and equal, or nearly equal, to the principal minimum. 
c. Cepheid Type. 1. Stars like 5 Cephei. 2. Stars of the exaggerated 
5 Cephei type of variation, termed “Antalgol” or “cluster’’ type. 
d. Irregular Short Period Variables. 
1. Stars like U Geminorum, having some appearance of periodicity. 
2. Rapid irregular variables, like RX Andromedae, without definite signs of 
periodicity. 
ORDER II. LoncG-PErRIoD VARIABLES. 
a. o Ceti Type. 


b. Stars like o Ceti, but having a pronounced double maximum. 
e, 7 
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Orpber III. IRREGULAR VARIABLES. 


a. All irregular variables other than rapid irregular variables included under 
I, d2. 

b. Novae. 

Mr. Williams expresses the hope that some one who is an authority in variable 
star work will adopt the suggested classification with such modification as may 
seem advisable. , 





Observations of Nova (2) Geminorum.—Following is a continuation of 
my observations of the Nova (2) Geminorum, from 1913, January 8. Telescope 
used, 4-inch equatorial refractor. 

OBSERVATIONS OF NOVA (2) GEMINORUM 
1913, Jan. 8.—Feb. 11. 


Date Mag. Color Comparison Stars 
Jan. 8 8.1 Very light greenish blue BD. + 32° 1433, 1434, 1447 
Jan. 12 8.1 Very light greenish blue BD.+32° 1433, 1434, 1447 
Jan. 21 8.6 Rather light greenish blue BD.-- 32° 1434, 1442, 1447 
Jan. 23 8.4 Light greenish blue BD.+32° 1434, 1442, 1447 
Jan. 24 8.3 Rather light greenish blue BD.+32° 1442 and 1447 
Jan. 25 8.4 Rather light greenish blue BD.+-32° 1442 and 1447 
Jan. 28 t Light bluish green BD.-+ 32° 1442 and 1447 
Jan. 29 7.7 Light bluish green BD.+ 32° 1442 and 1447 
Feb. 1* Fee Light bluish green BD.+ 32° 1433 and 1447 
Feb. 3 7.8 Light bluish green BD.+32° 1433, 1442, 1447 
Feb. 5 7.7 Light bluish green BD.+32° 1433, 1442, 1447 
Feb. 6 7.8 Very light bluish green BD. + 32° 1433, 1442, 1447 
Feb. 7 7.7 Light bluish green BD.+ 32° 1433, 1442, 1447 
Feb. 8 pA Very light bluish green BD.+ 32° 1433, 1442, 1447 
Feb. 9 8.3 Very light bluish green BD.+ 32° 1442 and 1447 
Feb. 11 8.3 Very light bluish green BD.+32° 1442 and 1447 


* This observation was made with a 3-inch Clark telescope. 


The (Harvard) magnitude of the one additional comparison star in this set, 
BD.+32° 1442, is 8.4. The greater part of January was cloudy; hence the small 
number of observations made in that month. 

The fluctuations of the Nova during the past few weeks have been simply 
wondrous. On January 8, the star was of magnitude 8.1, and had been practically of 
that magnitude since December 21, 1912, (see my observations in the February, 
1913, P.A., pp. 99-100). By January 21,it had fallen to the 8.6 magnitude, and from 
that date slowly brightened, until January 28, when it had reached the 7.7 magni- 
tude, nearly one whole magnitude above what it had been just one week ago! Here 
it remained, (excepting that it reached 7.8 magnitude on two nights), until Febru- 
ary 9, when it experienced a sudden fall, dropping to magnitude 8.3. Throughout 
all this time, moreover, the color had not been entirely without alteration. After 
January 25, it seemed to be rather more of a light bluish green, than a greenish 
blue. The color also apparently became more intense when the star increased in 
brightness, and was far less obvious when the latter was faint. One unmistakable 
characteristic of these later variations in magnitude of the Nova is that they gener- 
ally occur very suddenly and without warning. For example, within the 24 hours 
between February 8 and 9, the star dropped fully 0.6 of a magnitude! 

Certainly after all this activity, no one can safely suppose that the Nova has 
finally come to a permanent rest, in spite of its comparative quiescence during the 
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saanainas mare of my observations, (1912, Nov. 15-1913, Jan. 8). Onthe contrary, it 
seems decidedly to manifest an almost undiminished amount of physical force. Its 
remarkable fluctuations, together with their attendant phenomena, ought not to fail 
to give us some insight into the actual changes that are taking place in the constitu- 
tion of the far distant sun itself, and possibly to indicate whether its variations are 
periodic, and if so, what their period is, but more observations are needed before 
any definite conclusion can be derived concerning this subject. 


FREDERICK C. LEONARD. 
1338 Madison Park, Chicago, IIL, 


1913, February 12. 





Mr. F. E. Seagrave writes that he is at Harvard College Observatory and 
is using the 15-inch equatorial nearly every clear night on Algol variables and long 
period variables. He observes the long period variables only when they are faint, 


i. e., eleventh magnitude and down to the limit of the 15-inch. The following stars 
are faint now: 


X Andromedae RZ Persei 

' * RX Tauri 

U . W Aurige 

R Cassiopeiae W Pegasi 

y A ” U Orionis 

V ; Y Monocerotis 
S 6a SX Cygni 

Y “ 





The Cepheids considered as Double Stars.—In a recent publication 
of the University of Lyons, M. Luizet gives an extensive discussion of observations 
made at various times of the variable 5 Cephei, which gives the name to the class 
of variables called Cepheids. From the discussion he draws the conclusion that 
they are double stars the one component being non-luminous or at most very much 
fainter than the other. In the introduction he summarizes very compactly the 
features which characterize stars of this class, and make it possible to distinguish 
them readily from those of other types of variables. 

The characteristics are as follows: 


1. Their brightness varies continuously. 

2. The amount of variation is ordinarily in the neighborhood of one magnitude. 
3. The duration of their periods is short; frequently less than one day. 

4. In the same period of variation there is only one maximum and one minimum. 
5. The brightness increases in general more rapidly than it decreases. 

6. They are all of a yellowish-white color, comparable to that of the sun. 


7. They are not equally distributed throughout the sky; they are mostly found 
in the Milky Way or in that neighborhood. 

The conclusion that they are double stars is based upon the characteristic 
spectra of this class. The displacement of the lines is periodic and coincides with 
the period of light variation, hence the binary character is shown. 

In regard to 6 Cephei itself the following conclusions are reached: 

1. The variation in the light of 6 Cephei is regular, contrary to that which was 
for a long time thought according to the first curve of light published by Argelander. 

2. The light of the star increases on the average during 1" 14" 59™ and dimin- 
ishes during 3" 17" 49", 
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3. The period of variation is constant and equal to 5¢ 8" 47™ 35°.8. 

The times of maxima and minima are represented by the following elements: 
Max. = J.D. 2393659 20" 41.3 Paris Mean Time. —* 
Min. — J.D. 2393658 5 47.0 “ + 5% 8 47™ 35°.8E. 


5. The visual magnitudes at maximum and Real te are respectively 3.62 
and 4.27 





COMET AND ASTEROID NOTES 


Definitive Elements of Comet 1880 II.—In A. N. 4630 Mr. Joseph 
Polak, of Moscow, Russia, gives definitive elements of the orbit of Comet 1880 II, based 
upon all the available observations, extending from 1880 April 6 to September 11. 
The observations were grouped into seven normal places and corrected for the 
perturbations by the planets Jupiter, Saturn, Earth and Mars. The solution of the 
fourteen equations gives for the eccentricity 1.0008409 + 0.0007114, and the residuals 
are slightly smaller when the orbit is assumed to be a parabola, but the probable 
error is so large as compared with the correction to the parabolic eccentricity that 
Mr. Polak concludes that the hyperbolic character of the orbit is not established. 
He gives the following parabolic elements as definitive: 

T = 1880 July 1.76849, Berlin mean time. 
w =: 145° 11’ 39.45 ) 
= 257 14 59 30 } 1880.0 
i = 123 03 49 .04 J 
log g = 0.2586474 





New Elements of Finlay’s Periodic Comet.—In A. N. 4626 Mr. G. 
Fayet gives elements of Finlay’s periodic comet for the present return, corrected for 
the perturbations by Jupiter during the period from October 4, 1909 to April 17,1911. 
The comet was within a unit distance (Earth’s distance from sun) from Jupiter 
during most of this period and at its nearest approach, in June 1910, was within 
the distance 0.46. The perturbations were quite considerable, changing the date of 
perihelion in 1913 by six weeks and bringing the comet to perihelion on February 6 
instead of March 24. The longitude of perihelion is diminished by 3° and the longitude 
of ascending node diminished by nearly 6° as shown by the following elements: 


Fayet Schulhof 

Elements osculating Elements osculating 
1913 Jan. 16.0 Paris m. t. 1906 Aug. 1.0 

T = 1913 Feb. 6.01 1913 Mar. 24.07 

“= 3° a if” a° 14° 16” 

Q2— 46 41 30 52 25 28 $ 1910.0 

i — 3 23 04 3 03 07 { 

@¢=—45 40 57 46 23 53 

p = 582.46 542.55 


Mr. Fayet gives search ephemerides extending from January 16 to February 25, 
but as this number of PopuLAR AsTRONOmY will be issued too late for the ephemerides 
to be of use we donot reprint them. The comet’s position on March 1 is approximately 


a= 0" 31744" 8 = + 2° 59’, 


It is moving eastward 4” 8° and northward 29’ daily. It will thus be about 30° 
east from the sun for some time and may possibly be found, although its calculated 
brightness is very small. 
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Ephemeris of Comet 1912 a (Gale).—The following ephemeris is taken 
from Astronomische Nachrichten No. 4627 and was computed by Mr. G. Van 
Biesbroeck at Uccle, Belgium, from the elements in the Lick Observatory 
Bulletin No. 218 (See PopuLtar Astronomy, No. 199, p. 603). 
to the ephemeris on January 7 was +3*, —1’.4. 
visible with a small telescope. 


The correction 
The comet is circumpolar and still 
Its course during February and March is shown 
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DIAGRAM SHOWING THE PATH OF CoMET 1912 @ AMONG THE STARS 
DuRING FEBRUARY AND Marcu 1913. 


upon the accompanying diagram, passing from Cepheus through Camelopardus, 
There are no very bright stars in this region, 2 and 8 Camelopardi being charted 
as of the fourth magnitude. At the end of March the comet is aiming toward the 
stars £ and 6 Aurigz. 
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EPHEMERIS OF CoMET 1912 a (GALE). 


1913 True a True 6 log r log A Brightness 
h m 8 °o , ia 
Mar. 1 4 45 43 +66 58.2 0.4059 0.3492 10.5 
2 48 5 66 30.9 
3 50 24 66 4.0 
4 52 39 65 37.5 
5 54 51 65 11.5 0.4146 0.3664 10.6 
6 57 0 64 45.9 
7 a me 7 64 20.7 
8 . * & 63 55.9 
9 3 14 63 31.5 0.4231 0.3833 10.8 
10 5 14 637.5 
11 + i 62 43.9 
12 9 8 62 20.7 
13 11 3 61 57.8 0.4314 0.4000 10.9 
14 12 56 61 35.4 
15 14 47 61 13.3 
16 16 37 60 51.6 
17 18 25 60 30.2 0.4394 0.4164 11.0 
18 20 12 60 9.2 
19 21 58 59 48.6 
20 + 23 42 59 28.3 
21 25 25 59 88.3 0.4473 0.4324 11.1 
22 mm UCU” 58 48.6 
23 28 48 58 29.3 
24 30 28 58 10.3 
25 32. 7 57 51.6 0.4550 0.4480 11.3 
26 33 45 57 33.1 
27 35 23 57 15.0 
28 37. (0 56 57.1 
29 5 38 36 +56 39.6 0.4625 0.4632 11.4 





NOTES FOR OBSERVERS. 


Monthly Report of the American Association of Variable Star 
Observers, Jan.-Feb., 191:3.—The value of coéperation in the observa- 
tion of variable stars is perhaps best evidenced by the fact that the disturbing 
factor, bad weather, so fatal to a continuous set of observations by any one observer, 
is rendered to some extent negligible when a number of observers are at work. 
Thus in this report, although almost every observer mentioned the fact that cloudy 
weather had seriously interfered with his work, we find that observations were 
absolutely interrupted on only two nights in the month of January, a_ notoriously 
bad weather month. 

It is a pleasure to welcome as a new member to the Association Miss Mary K. 
Wilson, of Topeka, Kansas. Miss Wilson observes with a three-inch refractor, and 
the observations she contributes will be indicated by the abbreviation “Wi.” 

Mr. Ginori, of Florence, Italy, contributes for the first time in this report. It is 
a great help to have the good list which he and Mr. Lacchini send us from across 
the sea. 

Dr. Gray continues at the head of the class as regards the number of observations, 
with 146 estimates for his month’s work. Mr. Jacobs and the secretary reached the 
century mark, and the total number of observations is well up toward a thousand, 
and the record is broken for the number of stars observed. 
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VARIABLE STAR OBSERVATIONS Jan.—Feb., 1913. 


001726 004435 021258 
T Androm. V Androm. T Persei W Persei 


Mo.Day Est.Obs, Mo.Day Est.Obs. Mo.Day Est.Obs. Mo.Day Est.Obs 


1 9126 Y 1 25 94 Hui 2 92 C 2 25 90 Hu 
25 91 O ; 28 9.4 Le 
001755 2 294 0 021403 29 9.5 Le 
T Cassiop. 6 94 0 o Ceti 2 1 94 Le 
1 407 Bu 8 94 Hu ! : 8.9 : 3 93 Le 
5 9.7 Bu 904533 “4 3 91 V 
; : 4 8.5 Bu 5 93 Le 
6 10.1 L RR Androm. 5 84 Bu : 
810.7 J 4 25 92 Hu , ge GC 905 
6 86 G 030514 
9 98 Y 25 9.0 O > a oR “scans 
6 8.5 Gi U Arietis 
14 97 Bug 2 90 0 6 89 L 1 9102 Y 
iS 98 Bu 8 9.1 Hu 7 85 F 21 9.6 Y 
18 10.9 J 9 9.0 0 10 86 G 2 4 88 Y 
19 10.0 Bu ; 12 85 F 9 87 0 
25 10.9 J 004746 12 84 1 lh 
25 10.8 QO RV Cassiop. 2 84 L 031401 
9105 Y 1 6 99 L 12 86 V X Ceti 
26 9.8 Bu 24 10.7 L - 4 a 1 ¢ . 9 F 
27 9.7 B 904958 i9 83 F. 12 90 F 
2 1111 JS W Cassiop. 23 83 L 19 92 F 
210.2 Buy 8 10.7 J 2479 V 25 93 F 
410.1 B 13 10.4 J 95 8 29 92 F 
- 25 8.5 Hu & < 
“— * 18 106 J 25 8.0 F 032043 
25 10.3 J ¢ +l 
001838 35 10.8 O 3 a z ae 
R Androm. 2 1102 J 25 82 C I : af z 
r @ me Vv 2 10.8 Oo 26 8.8 Bu 21 85 Be 
Pp oo . 210.4 J 28 7.5 Ba 95 80 H 
14 7.0 Hu _ 012502 a7 G)| (U8 88 B 
2471 V .RPiscium 4 “; 73 6 28 8.2 Ba 
269 0 1 9 82 ¥Y 2 74 Ba ; 29 8.9 F 
25 65 Hu 14 82 Y 5740 - 2 8&3 Ba 
2869 0 21 78 Y 9 70 0 7 82 Hu 
220680 SY i. 032335 
3 6.6 V 013238 021558 R Persei 
5 6.9 O RU Androm. S Persei i: Om F¥ 
8 69 O 4 8125 J 1 2 85 C 22 10.9 Y 
8 65 Hu 13119 J ro ¢ . 28 12.0 Y 
18 11.3 J ‘ 0 G 
003179 25 10.9 J 042209 
Y Cephei 2 1109 J 023133 R Tauri 
1 28 12.6 Hu R Trianguli 1 3 89 G 
014958 1 9 98 Y 6 9.2 G 
004047 X Cassiop. 21 9.0 Y : 
U Cassiop. 1 9100 Y 28 85 Y 042215 
1 9124 Y 28 10.3 Y W Tauri 
12 11.0 F et 024356 1 8116 Y 
015354 W Persei 1211.4 Y 
004132 U Persei 1289 G 95 113 Y 
RW Androm. 1 3 10.5 G 293 C 28 10.5 G 
1 9122 J 8 91 Le 30 11.1 Y 
25 10.9 J 021024 12 87 V2 4110 Y 
2511.0 O  RaArietis 21 94 Le 5 11.0 O 
2710.9 J 1 25100 O 23 9.3 Le 
2 1103 J 28 9.7 24 9.3 Le 042309. 
298 0 2 1 97 0 25 91 V S Tauri 
6 9.0 O 4 91 0 25 94 Le 1 3 93 G 
9 88 O 8 88 O 25 9.3 G 6 9.7 G 


043065 
T Camelop. 


Mo.Day Est Obs’ 


1 i 02 Y 
21 9.0 Y 
30 8.9 Y 


043274 

X Camelop. 

1 4106 O 
13 102 ¥ 
13 98 O 


14495 O 
21 85 Y 
a 83 Y 
25 86 O 
26 84 O 
27 8.6 G 
28 8.2 O 
36 679 Y 
2 1 8.0 O 
2 72 0 
4 80 O 
5 7.8 0O 
6 7.8 O 
3 7.8 O 
> 73 9 
045307 
R Orionis 
1 8 10.3 Y 
14 10.2 Y 
22 10.0 Y 
2 + 88 ¥ 
045514 
R Leporis 
1 179 B 
2 32 
3 8.0 F 
5 8.2 Bu 
5 7.4 G 
6 8.7 L 
7 80 F 
8 7.9 Gi 
9 7.5 Ba 
10 7.4 G 
iS ga 2 
12 81 V 
12 8.0 Gi 
15 7.46 G 
18 7.8 Bu 
19 7.5 G 
9 72 F 
a 72 8 
22 7.5 Ba 
23 8.6 L 
24 84 V 
7.4 
7.8 
7.6 


ioe] 
i] 
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VARIABLE STAR OBSERVATIONS Jan.—Feb. 1913.—Continued., 


054319 072708 
R Leporis SU Tauri Nova GemIN. 2 S Can. Min. 
Mo.Day Est.Obs. Mo.Day Est.Obs. Mo.Day Est.Obs. Mo.Day Est.Obs. 
2% 73 G 8 9.6 Y 14 82 15 97 G 
28 7.5 B 25 94 Y 14 8.7 Y 710.5 F 
% 73 G iS $6 G 9 98 B 
29 71 F 054974 18 84 Bu 12 10.2 L 
2 1 76 F _V Camelop. 2 86 Y 12 10.3 F 
rime 2 sno oO “79 G 12 10.0 Ma 
2 74 Bu 911.5 O oo 4, 13 10.0 O 
2 75 Ba - 5 81 C 14 10.3 O 
3 82 V Rel 25 82 0 19 95 G 
5 75 Bo, 9105 C 25 85 V 22 98 Ba 
5 83 Le 7110 F 26 84 Bu 23 9.7 F 
; ; — ae 
050003 8 122 Gi rol es : ee : 
V Orionis 9118 Ba y 1 78 O 25 9.6 FE 
1 8104 Y 12107 F “ 4 79 g 3 96 O 
14 10.2 Y 14 12.3 Hu 2 78 O 95 95 M: 
22 10.0 Y 25 12.2 Hu 4770 33 94 B 
e 1 o6 ¥ = oe — we 
055353 5 7.8 0 27 9.2 G 
050022 Z Aurigae 5 81 V 27 9.7 Ma 
T Leporis 1 1410.7 Y 8 7.9 O 28 9.4 B 
1 5 96 G 22 10.2 Y p a M = 9.5 MS 
9 9.6 65208 9 9.7 Ma 
Pos ' ea X Monoc. 31 9.0 G 
' ‘were 060124 i O88 F © 1 98 F 
. u_S Leporis 31 86 G 1 93 0 
8101 J 1° 1 69 G 1 9.4 Ma 
13 10.4 J 29 65 G pene 1 88 G 
14 93 Y ae, eet 2 92 Ba 
21 9.5 B 061702 i 9 89 J 4 90 O 
22 9.5 Y V Monoc. 13 8.5 J 5 88 B 
25108 J 1 25108 V 13 88 Y 8 89 S 
25 10.2 B 28 10.0 O 15 84 J 8 90 O 
26 98 F 2 1100 0 21 85 Y . oe 
26 9.8 Bu 5 10.2 V - 8.3 J ; 
28 9.4 Ba 25 7. 
2 1109 J 063159 28 8.0 Ba 073508 
8 10.8 J U Lyncis 30 8.3 Y  _U Can. Min. 
; 1 26110 Ba 2 1 84 J 2 2124 Ba 
052034 2 10.8 O 2 79 Ba 
Pet 28 10.9 Ba 5 81 Ba 074922 
6 oe: : 2 2105 Ba 9 8.7 J  U Geminorum 
) : 410.3 Ba ia 1 9 13.9 
6 9.0 G 5104 Ba , /0le2a 13 10.2 J 
12 98 L . R Geminorum. 1396 O 
26 9.5 F 064932 1 2 98 C 1394 J 
31 9.5 G Nova GeEmIN. 2 ne = 14 96 O 
052036 i 4-468 6 35 103 . 1a 99 ¥Y 
W Aurigae 281 C » “ing O 14 68 J 
1 28 12.9 Ba ; r G ; a 1495 Hu 
2 o .it 07031( is 96 J 
“deen. 4 84 Bu Ne a Min. 25 13.6 J 
21 83 Y 6 81 G is 62 0 25 13.0 Y 
. 10 63 6 25 87 O 28 11.7 Hu 
053531 uM 65 ¢ 29 88 G 30 11.2 B 
U Aurigae m 6th kL 2 £ Qs O 2 11246 Re 
1 25129 Y 2 86 ¥ s 47 0 611.5 B 
2 1128 Y Ss $1 0 5 94 V 7 11.6 Hu 


081112 
R Cancri 


1 25 10.6 
2 4 10.6 
9 10.4 
081617 

V Cancri 


6 9.2 
13 
25 
26 
2 2 
4 
9 78 
081633 
T Lyncis 
1 25 11.4 
082405 
RT Hydrae 
12 8.7 


25 


1 
8.8 
25 8.6 

2 4 88 
5 8.5 


084803 


9 7. 
085120 
T Cancri 

11 

1 


x 
No} 


92 G0 G0 G0 GO GO GO SO GO SO GO OP SO 90 GO G0 GO: 
PoOSCUNANWSONSWHRSONDO- 


093178 
Y Draconis 
1 14 10.9 
2 411.8 


Mo.Day Est.Obs. 


aco 


wmototo<onwo<ro 
es «se © 


& 


Oo< 


Y 


Y 


a 
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VARIABLE STAR OBSERVATIONS Jan.—Feb., 1913.—Continued. 
093934 105517 134440 163172 
R Leo. Min. R Crateris S Urs. Maj. R Can. Ven. R Urs. Min. 
Mo.Vay Est.Obs. Mo.Day Est.Obs. Mo.Day Est.Obs. Mo.Day Est Obs. Mo Day Est.Obs. 
1 271 C 1 20 85 G 1 9 79 Ma 1 28128 Ba 1 27 94 B 
6 7.1 G 10 83 G 2 2118 M 2 4 92 B 
10 7.0 G ‘ 12 88 L 
19 71 G rf hab 12 80 M 141567. 163266 
om tz & 1 19 10.00 G 12 8.1 Gi U Urs. Min. R Draconis 
28 75 0 ‘ 13 79 Ma 1 9108 J 1 5 7.8 Bu 
30 7.0 Hu onan 3 8.3 13 10.5 J 8 9.9 J 
31 72 G 122532 8.9 A 22 10.1 J 12 95 L 
3 1. i 8 T Can. Ven. 19 8.0 G 26 9.7 Ba 13 10.0 J 
4770 ! 9 11.3 Y 19 82 J 27 98 J 14 84 Bu 
677s , S10 Y 278 Bot 1 97 J 14 94 Y 
7 70 Hu 2 4102 Y 22 83 J 6 88 S 18 88 Bu 
9 7.7 0 22 7.7 Ba 7 97 J 19 8.8 Bu 
123160 25 7.46 G 8 94 J 28 10.7 J 
094211 T Urs. Maj. 25 80 C 28 10.5 Ba 
RLeonis 1 2 87 C 25 7.7 Ma _ 142584 30 10.5 B 
1 1100 G 5 88 G 25 8.2 0  R Camelop. 2 1108 J 
210.0 C 5 80 Bu o¢ 7g F 1 9126 B 2 98 Bu 
3 9.5 Gi 9 8.9 J 2% 82 J 25 12.3 B 410.5 Y 
410.0 Bu 9 84 Ba 2% 76 B 28 12.4 B 911.2 J 
: 6 Bu an 
5 9.8 Bu 10 83 G % 81 Ba 2 4 12.1 
6 9.7 L 12 85 Ma 97 77 Ma 164715 
6 9.5 Gi 12 88 L 07 78 B. 142539 S Herculis 
9 9.0 Ba 13 9.0 J 97 82 J V Boitis 119 82 J 
12 9.0 V 15 91 M 28 81 Ba 1 7.6 Gi 
12 95 L 19 81 G 99 78 F ; 80 L 170215 
12 9.4 Gi 19 91 J 30 78 B 12 76 Gi R Ophiuchi 
19 9.7 G 21 8.7 Ba» “; 95 mM: 3978 © «1 «2 88 OL 
21 9.0 Ba 22 88 Ba 1800 £2 68 G 19 84 J 
25 9.4 G 25 84 G i 82 J 
25 9.5 V 25 9.2 Ma 2 81 Be 143227 180531 
25 9.5 C 25 9.4 Y 4 82 Ba R Boitis T Herculis 
25 9.2 O 25 9.5 O 5 83 Ba 1 12109 L 1 3 97 Gi 
25 9.0 Ma 26 9.5 Ba 5 77 B. 11 10.0 C 
25 9.0 Y 27 9.4 Ma 5 87 S 152714 
27 8.7 B 27 95 B 7 8.2 J RU Librae 181136 
29 8.8 Ma 683 6 8 85 M 1 we W Lyrae 
31 88 G 28 9.5 Ba 8 86 M 1 19 88 G 
2 1 89 O 29 9.5 Ma 8 83 J 153378 
1 90 Ma 2 1101 J 9 8.2 QS Urs. Min. 191350 
2 88 Ba 1 95 0 ~ 1 5 97 G TZ Cygni 
5 86 Y 1 9.8 Ma 6101 L 1 611.0 L 
5 79 B 2 96 Ba 132422 6 91 Gi 
5 85 V 4 9.7 Ba | RHydrae — 10 10.0 G 193449 
6 90 S$ 5 9.7 Ba 3 6.1 Gi 12 10.0 L R Cygni 
9 83 0 5 9.7 B h oo : 293 G 1 8.9 G 
5 98 S 24 10.2 L 3 9.4 F 
103212 8 98 M 12 5.6 L 27 10.5 G 5 89 G 
e 4 € 
ee 8 99 M . 19 5.0 G 6 9.0 L 
19 50 G 8105 J 2 1 40 F 154428 6 85 Gi 
° 9 10.0 O R Cor. Bor. 7 21 Ff 
103769 132706 1 6 59 L 9 93 V 
-— Maj. 123961 S Virginis 9 5.9 Ma 12 83 Ma 
1 9120 BS Urs. Maj. ' 6 ms & 11 5.2 C 12 89 F 
12110 F 1 2 83 C mo 3s & 12 6.0 L 19 88 G 
12118 L 5 7.8 Bu 19 62 J 22 7.9 Gi 
25 12.4 B 5 84 G 133633 19 5.4 G 23 8.0 F 
28 12.5 B 6 81 Gi T Centauri 20 5.4 G 23 84 L 
29 11.2 F 983311167 C 2 7 60 J 25 8.5 G 
2 4128 B 9 8.0 Ba 19 7.1 G 8 6.3 M 27 8.5 G 
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VARIABLE STAR OBSERVATIONS Jan.—Feb., 


193732 
TT Cygni RS Cygni 
Mo Day:Est.Obs. Mo.Day Est.Obs. 
1 toe G@ 4f 8- 82 J 
3 81 F i fs F 
4 84 Bu io we J 
5 7.6 G mo 7.1 F 
7 @a € 20 74 G 
25 7.4 F 
194048 a la 6G 
RT Cygni at 7.4 G 
132008 F 
6 10.0 Gi 201130 
710.0 F SX Cygni 
22 89 Gi 1 94101 Y 
ae Ba OF 14 9.0 Y 
a. O65 6Y¥ 
194632 2 181 Y 
x Cygni 
1 3 9.7 F 201647 
4 9.6 Bu U Cygni 
$203 L i 3 10.5 F 
7 98 F 5 10.0 G 
8 10.2 J 6 10.8 L 
9 99 B 7 205 F 
8 10.7 J 
200647 10 10.0 G 
SV Cygni 12 11.0 F 
1 2 95 C 1510.5 J 
310.1 F 18 10.1 J 
4 9.6 Bu 19 9.0 F 
6 9.0 G 24 10.2 L 
7 9.0 F 24 9.6 G 
9 9.4 Ba 25 95 F 
9 9.0 B 2510.1 J 
1295 F 2 1 96 J 
19 85 C 296 J 
21 84 B 
2s 33 F 202539 
28 8.9 B RW Cygni 
| @ O82 € 
200715 a 2 88 G 
S Aquilae s a7 £ 
1 3 9.6 F 5 85 G 
7 98 F 6 85 G 
200715 b = oo a 
RW Aquilae 24 90 G 
1 3 90 F 25 92 G 
7 93 F 27:93 G 
200916 202846 
R Sagittae TV Cygni 
: @ ot FP 4° 8 Os 
. ta F 
202946 
200938 SZ Cygni 
RS Cygni 1 1 89 G 
1 3 F232 G 2 9.4 C 
6 7.3 Gi 2 9.1 G 
1 wa fF s OS F 


Mo.Day Est.Obs. 
1 


SZ Cygni 


4 9.6 Bu 
5 9.7 G 
6 9.8 G 
6 27 & 
710.2 F 
8 9.6 Le 
9 93 Ba 
9 95 B 
10 9.6 G 
12 93 F 
12 89 Le 
14 88 B 
19 9.4 F 
20 96 G 
a: 85 B 
24 9.7 Le 
24 9.2 G 
25 9.6 F 
25 9.6 Le 
25 9.4 G 
a ¢2 G 
28 9.1 Le 
28 9.0 G 
29 9.0 Le 
29 89 G 
30 9.0 F 
30 9.2 B 
30 9.4 G 
31 9.3 G 
2 1 $3 F 
4 96 B 
6 98 B 
203816 
S Delphini 
1 9 88 Y 
a 3 UF 
203847 
V Cygni 
1 4 94 Bu 
10 9.5 G 
204016 
T Delphini 
1 910.5 Y 
a: 229 Y 
204834 
Y Cygni 
1 31 80 G 
205923 
R Vulpeculae 
1 6 9.4 
Ss os J 


1913.—Continued. 


210382 
X Cephei S Cephei 
Mo.Day Est Obs. Mo.Day Est.Obs. 
1 10.0 493 B 
21208 Y 610.4 § 
ms TF 7 9.6 Hu 
210868 213753 
T Cephei au Cygni 
i 2 83 © 8.5 G 
4 93 B 19 8.4 F 
4 9.0 Bu 25 8.6 G 
5 9.8 G 25 8.7 F 
5 9.0 Bu 28 88 G 
6 88 L 29 8.5 F 
8 8.5 Gi 
8 8.8 Ma 213843 
8 92 5 . , 88,Cygni 
9 8.9 V 3 12.0 Gi 
2 82 i, 5 11.8 G 
12 89 Ma e184 J 
i3 9.2 O 9123 J 
13 9.0 Ma 911.9 Ba 
14 9.4 J 9 11.7 Y 
15 94 J 1411.7 Y 
18 9.4 Bu 1811.9 J 
22 8.5 Ba 2511.9 J 
ma 33 27 11.6 & 
25 9.2 V 27 11.9 J 
25 9.5 Ma 29 10.7 G 
25 9.5 J 29 11.0 F 
25 9.9 O 30 10.0 F 
26 9.6 Bu 30 10.5 G 
27 9.4 Ma 31 10.4 G 
27 9.6 G 31 10.0 G 
2195 J 29 1 98 J 
2 9.8 O 195 F 
2 98 Bu 196 Y 
2 94 Ba 198 G 
4 9.7 Ma 193 G 
492 V i o41<¢ 
6 94 §$ 292 J 
2 8.7 G 
213244 3 83 G 
W Cygni 4 86 B 
2 67 € Ss 82 2 
s 62 ¢ 6 88 B 
6 69 L 7 84 J 
a a7 LL 
2a 55 L 213937 
25 6.2 G RV Cygni 
31 6.2 G 1 = 2a ¢ 
3$ 76 F 
213678 5 73 ¢& 
S Cephei 775 F 
1 9109 J 8 7.4 Le 
25 10.9 J 9 7.1 Ba 
28 9.2 Hu 9 7.4 Ma 
2 2 938 0 9 82 J 
2 10.0 Ba 12 7.4 Ma 
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VARIABLE STAR OBSERVATIONS Jan.—Feb., 1913.—Continued. 


RV Cygni 230759 235350 
RV Cygni sinew es Obs. V Cassiopeiae ST Androm. R Cassiop. 
Mo.Day Est.Obs. 31 7.2 G Mo.Day Est.Obs. Mo.Day Est.Ubs. Mo.Day Est.Obs. 
112 70 F 9472 F 1 7110 F 92 Bu 1 4121 Ba 
18 83 J 2 83 J 811.8 J 22 10.0 Ba 
19 68 F 4 7.2 Ma 18 11.7 J 25 10.1 O 235939 
21 67 B 467 8 2a 117 J 25 9.8 B SV Androm. 
21 7.5 Le 5 81 Le 27 11.6 J 28 9.7 G 1 9 77 ¥ 
24 7.2 Le 7, ae ow 2 ina g 28 10.1 Ba i“ 79 6 ¥ 
25 7.0 F 992.439 2 282 0 21 79 Y 
= y z S Lacertae 231508 fer . 25 8.4 Y 
~ 7. 1 9 94 Y_— S Pegasi x oma 25 7.9 0 
25 7.6 Le ‘ P . 610.2 S$ 28 86 O 
21 87 Y 1 2 93 G . 
23 75 G , 30 84 Y 
2 & 88. 
27 7.3 Ma 233815 2 |. os © 
28 7.2 Le 230110 — 233335 = Kea 2 86 O 
29 7.4 Le R Pegasi ST Androm. 1 ‘'-ery Cc 4 88 O 
29 73 Ma! 6 90 L 4 § 92 Bu = © 5 88 O 
29 7.6 G 6 92 Gi 9 93 Ba 6 88 O 
29 7.5 F 9 95 Y 9 91 B 234982 8 90 0 
30 7.6 G 25 9.9 G 13 9.7 OV Cephei 9 90 O 
30 6.9 B 26 9.5 F 1 25 65 C 
2 titi ¥ 


No. of observations, 972; No. of stars observed, 122; No. of observers, 17. 


The month has been an extremely interesting one, variably speaking, yielding 
as it has two important maxima. 074921 U Geminorum rose about January 13, and 
was observed by three members. Mr. Jacobs observed the variable at 12:30 a. M., 
January 13, his estimate being 10.2. At 7:30 p. M. the secretary observed it at 9.6, 
and at 10°35 Mr. Jacobs made another observation recording 9.4,—certainly a 
consistent set of observations. Those of the 14th inst. are more difficult to 
reconcile, and indicate the desirability of more observations. This star is such an 
important one that it should be observed by every one frequently, especially when 
the sudden rise is about due. 

The variable 213843 SS Cygni began rising the last week in January, and 
reached a maximum about the 4th of February. The behaviour of the variable at 
this maximum was most unusual. In January and July 1912 the star rose suddenly 
and characteristically about two or three magnitudes in 24 or 48 hours. This month 
the estimates record a dignified and steady increase in brilliance, beginning about 
January 27 and taking about a week to increase approximately three magnitudes. 
This set of observations, therefore, should be of great value and interest to those 
who have occasion to discuss this variable. Dr. Gray’s observations of this variable 
the night of February 1 are worth noting. 

A maximum of 123961 S Ursae Majoris was well observed the third week in 
January, the observations being well in accord. 

There have been several cases of misidentification of late in observations of 
054920 U Orionis, by observers using small glasses. The presence of a faint star 
(10.9), Hagen, just south following the variable has doubtless caused the trouble, as 
it does not appear on the hand made charts photographed by the H.C.O. which 
many are using. 

Mr. Bancroft reports that while observing 084803 S Hydrae February 4 a 
brilliant meteor of the second magnitude flashed across the field. It is quite unusual 
to view telescopically such a brilliant sight. 
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Three members observed 064932 Nova Geminorum (2) brighter 0.3 or 0.4 of a 
magnitude in January. The secretary observed the rise subsequent to January 25 
but the observation lacks sufficient confirmation to warrant further comment. 

Observers are again urged to send their lists in promptly so that they will reach 
the secretary by the 7th or 8th of the month. 
Ws. TYLER OLCOTT 


Corresponding Sec’y. 
Norwich, Ct.,. Feb. 10, 1913. 





Jupiter’s North Equatorial Belt.—The following telegram, received 
February 18 from Professor A. Thos. G. Apple, director of the Daniel Scholl Obser- 
vatory at Lancaster, Pa., indicates that a notable change has taken place recently 
in the north equatorial belt of Jupiter. 

TELEGRAM.—“Jupiter’s north equatorial belt decidedly broadened throughout 
whole extent since conjunction; extends in breadth from about seven degrees to 
eighteen degrees north latitude; appears slightly mottled but with no definite spots: 
is as much and in places more conspicuous than the southern belt.” 


In a letter Mr. Apple says: “I had four separate views on as many mornings, so 
that I saw it on all sides. The similarity to the one observed by Barnard in 1880 in 
this later development is very interesting.” 





Occultations of Stars by Jupiter.—In A.N. 4626 Mr. Th. Banachiewicz 
of the Engelhardt observatory calls attention to the following conjunctions of Jupiter 
with stars, when occultations may possibly be observed: 

Star Mag. 
1913 May 10 Cape Phot. DM —22° 7436 8.4 Occultation probable. 
25 = “i = —22 7419 7.9 Occultation. 
Oct. 26 = sa —23 7327 8.5 Occultation. 





Betelgeuse Brightening.—I think that a Orionis (Betelgeuse) is brighten- 
ing somewhat. Last night (Monday February 24), it was 1% magnitude brighter 
than a Tauri and about equal to Rigel. I am giving this star much attention. 


F. E. SEAGRAVE. 
Cambridge, Mass., Feb. 25, 1913. 





A Beautiful Shooting Star.—For more than eleven years I have been in 
the habit of inviting, on one night in the week, some of my friends to observe the 
sky with my telescopes: one Foucault, one Bardou, and one very fine Zeiss, which is 
the best of the lot. 

On the evening of Saturday, January 11, we were observing the magnificent Orion 
nebula, and just at 7" 30™ I saw a beautiful shooting star, which apparently emerged 
from Capella (the Goat) and finished very near Betelgeuse. 

I could not repress a cry of admiration and all my friends had time to raise their 
eyes and see the whitish trail which the meteor left. Besides, at the moment in 
which the star finished, the brilliant point was surrounded by a silvery light, some- 
thing like a Crooke’s tube lighted by a low current. The phenomenon lasted about 
15 seconds. And such a beautiful meteor was framed by the fine stars Aldebaran, 
Capella, Castor, Pollux, Procyon, Sirius and Rigel! 

The memory of this shooting star will remain for a long time in our minds. 

Coyoacdén (near Mexico city), January, 1913. 


Luis G. LEGON. 
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A BEAUTIFUL SHOOTING-STAR OPSERVED JANUARY 11, 1913, at 7° 30" 


By Proressor Luts G. Leon, at Coyoacan, Mexico. 


PorpuLtar Astronomy, No. 203. 
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A Brilliant Meteor.—On February 9, 1913, an exceedingly brilliant meteor 
was observed here at 10" 15™ p.m., C.S.T. It first appeared as a bright star in the 
neighborhood of f Cassiopeiae, its position was approximately a = 0®, 6 = + 58°. 
It traveled in a path which if continued would have joined Saturn and § Cassiopeiae, 
and a seemingly violent explosion occurred just before the Pleiades were reached. 
Simultaneously with the explosion came a flash of intense blue light which was 
bright enough to illuminate the entire city of Ann Arbor for a fraction of a second. 
The disintegrated mass spread out into several hundred visible fragments, a few of 
which disappeared below the horizon before being completely consumed. At the 
time of the meteor’s disruption its codrdinates were approximately a = 3" 30", 
5 = + 17°. The minimum intensity greatly exceeded that of Venus, which is so 
conspicuous during the early evening; at the maximum the apparent size of the 
disc of the meteor appeared to be about one fourth that of the moon, but its surface 
brightness greatly exceeded that of our satellite, for it emitted an intense white 
light resembling the magnesium flash. 

The flight of the meteor occupied five or six seconds. Its continuous trail 
remained visible for the same length of time. As the meteor increased in apparent 
speed its path became irregular, following a zigzag curve, and accompanying 
showers of sparks seems to indicate that it was revolving very rapidly on its axis. 
The features were so distinct that I estimated its distance to be about seventy-five 
miles west of Ann Arbor, although I did not hear the report of the explosion; in all 
probability this may be due to the fact that the wind was blowing from the south- 
east at the rate of twelve miles per hour. 

Lewis L. MELLOR. 
Detroit Observatory, 
University of Michigan. 





GENERAL NOTES. 


This issue of PopuLar Astronomy has been delayed a few days inthe hope that 
an article by Professor Frost, the proof of which was sent to him in Europe, might 
be included. The article will probably appear in the April number. 





Dr. Percival Lowell, non-resident professor of astronomy at the Massa- 
chusetts Institute of Technology and Director of the Lowell Observatory, Flagstaff, 
Arizona, lectured on “The Pyramids as an Astronomical Monument,” Huntington 
Hall, Massachusetts Institute of Technology, Thursday evening, January 30th, at 
8 o'clock. The lecture was fully illustrated. 





Professor George C. Comstock, director of the Washburn Observatory, 
University of Wisconsin, has been elected a fellow of the American 


Academy of 
Arts and Sciences. (Science January 24, 1913.) 
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Miss Mary E. Byrd is teaching astronomy in the Normal College of the 
city of New York. 





Thaddeus S. C. Lowe, of Los Angeles, chief of the aeronautic corps of 
the U.S. Army during the civil war, died on Janury 16, in his eighty-first year. 
Mr. Lowe made inventions in various fields, including balloons and instruments for 
atmospheric investigation, and artificial ice, metallurgical and water-gas apparatus. 
He built the Mount Lowe railway and established the Mt. Lowe Observatory in the 
Sierra Madre Mountains. (Science, January 24, 1913.) 





Dr. George C. Comstock, of the University of Wisconsin, gave the Sigma 
Xi address at Purdue University on January 17, his subject being “The Study of 
the Stars.” (Science, January 24, 1913.) 





The Langley Medals of the Smithsonian Institution are to be 
conferred on M. Gustav Eiffel, the French Engineer, and Mr. Glenn H. Curtiss, known 
for his development of the hydro-aeroplane. (Science Feb. 21, 1913.) 





Professor Julius Franz, director of the astronomical observatory at 
Breslau, has died at the age of sixty-five years. (Science Feb. 21, 1913.) 





Comet Prize ‘Carolina Herschel’’.—Commencing with the year 1913, 
the “Astronomical Society of Mexico” will offer a prize (medal and diploma) to any 
person, astronomer or amateur, who shall discover a comet. 

Let us see who will be the first one to obtain this prize, which will be known as 
the “Carolina Herschel prize’. 





The Observatory.—At the beginning of this year a change occurred in the 
editorial staff of ‘The Observatory.” The new editors are Messrs. F. J. M. Stratton, 
A. S. Eddington and S. Chapman, men well known in astronomical circles, so that 
their names give promise that the magazine will be kept up to the high standard 
which has characterized it in the past. ‘The Observatory” was founded in 1877 by 
Mr. (now Sir William) Christie, who handed it on to Mr. E. W. Maunder a year or 
two later. In 1884 Mr. Maunder was joined by Messrs. A. M. W. Downing and T. 
Lewis for three years, after which Professor H. H. Turner took it over jointly with 
Dr. Common till 1892, and afterward with Messrs. T. Lewis and H. P. Hollis till 1893, 
since which time the two latter have been sole editors. 


The 15-inch Telescope at Harvard.—In a private letter Professor 
Pickering says that Professor Bailey is continuing certain work undertaken by the 
late Professor Wendell, and that Mr. Seagrave has volunteered to devote a consider- 
able portion of his time to the observation of variable stars when they are faint. 
Professor Pickering himself is hoping to undertake again some observations of 
Jupiter's satellites. 
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The Gold Medal of the Royal Astronomical Society has been awarded to 
M. Henri Alexandre Deslandres for his investigations of solar phenomena and other 
spectroscopic work. The Jackson-Gwilt Medal has been awarded to the Rev. T.H.E.C. 
Espin for his observations of the spectra of stars and his discovery of Nova 
Lacerte. (The Observatory, Feb. 1913.) 





Annals of the Strassburg Observatory.—The second part of the fourth 
volume of the Annals of the Strassburg Observatory, edited by the director, 
J. Bauschinger, was published late in the year 1912 and has just come to hand. 
It contains the results of four investigations by Carl Wirtz: observations of double 
star with the 49cm refractor in 1902-1910; observations of the major planets; obser- 
vations of satellites; appendix to the work on the nebulae in Part 1 of Vol. IV, with 
a “Study ‘of the cosmic arrangement of the nebulz;” also a “comparison of the 
Strassburg AG catalogue with other star catalogues” by Dr. Berthold Cohn. 





The Secular Variations of the Elements of the Orbits of the 
Four Inner Planets.—Mr. Eric Doolittle, of the Flower Observatory of the 
University of Pennsylvania, has recently completed a very accurate mathematical 
investigation of the secular variations of the elements of the orbits of the four 
inner planets, i.e., Mercury, Venus, Earth and Mars. He has calculated the 
disturbing effect upon each of these four by each of the other seven major planets, 
using the method of Gauss as modified in Hill's first method. This method differs 
throughout from the method used by Newcomb, whose computations have furnished 
the most accurate values of the secular perturbations up to the present time. The 
extremely close agreement between the results obtained by the different methods is 
very satisfactory. Doolittle takes as the basis of his computations the following 
elements of the planets, from Hill’s ‘New Theory of Jupiter and Saturn”, changing 
the mass of Uranus, at Hill's suggestion, from 1 -- 22640 to 1-+ 22800. The assumed 
mass of Mercury was also changed from 1 -- 5000000 to 1 -~ 7500000, and Mr. Doolittle 
thinks even the latter fraction may be too large. 


ELEMENTS FOR THE Epocu 1850.0 
T i 





e 
Mercury 75 7 13.62 , ® Fai 46 33 8.63 0.20560476 
Venus 129 27 42.83 3 23 35.01 75 19 53.08 0.00684311 
Earth 100 21 39.73 0 0 0.00 0.01677114 
Mars 333 17 51.74 151 2.24 48 23 54.59 0.09326803 
Jupiter 11 54 31.67 1 18 42.10 98 56 19.79 0.04825511 
Saturn 90 6 41.37 2 29 40.19 112 20 49.05 0.05606025 
Uranus 168 15 6.70 0 46 20.54 73 14 8.00 0.0469236 
Neptune 43 17 30.30 147 1.68 130 7 31.83 0.0084962 
n log a 1m 
Mercury 5381016.260 9.5878217 7500000 
Venus 2106641.357 9.8593378 408134 
Earth 1295977.416 0.0000000 327000 
Mars 689050.784 0.1828971 3093500 
Jupiter 109256.626 0.7162374 1047.870 
Saturn 43996.21506 0.9794956 3501.6 
Uranus 15425.752 1.2831044 22800 
Neptune 7864.935 1.4781414 19700 


m~ = longitude of perihelion; i = inclination; Q = longitude of ascending node: 
e = eccentricity; m= mean annual motion in orbit; @ = semimajor axis of orbit; 
m = mass in units of the sun’s mass. 
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When the calculated results are compared with the results obtained from obser- 
vation, as given by Newcomb in the Supplement to the American Ephemeris and 
Nautical Almanac for 1897, Mr.“Doolittle finds three cases in which the discrepancy 
is much greater than can be ascribed to errors either in the adopted masses, the 
computations, or to errors in the observations themselves. These three cases are: 

1. The motion of the perihelion of Mercury. 
2. The motion of the node of Venus. 
3. The motion of the perihelion of Mars. 

The first of these is a well-known discordance, amounting to about 9” in a 
century. The second amounts to only 0.6 in a century, but is well established, 
the discordance between observation and theory being nearly eight times the 
probable error. The third amounts to 0’.8 in a century and, as the masses of 
Jupiter and Saturn, the principal disturbing planets for this case, are accurately 
known, the uncertainty of the computed results is almost negligible. 

“Many hypotheses have been made for the purpose of explaining these discrep- 
ancies. In general, either the assumption is made that Newton’s Law of Gravitation 
is not strictly accurate or else that certain additional matter in the solar system 
must be considered whose attraction has not hitherto been allowed for. The most 
recent and the most plausible investigation of the second kind is that effected by 
Seeliger, who seeks to account for all of the apparent discrepancies by the perturb- 
ing effect of the cloud of particles known as the zodiacal light. 

Assuming the cloud to consist roughly of two homogeneous ellipsoids of revolu- 
tion whose semi-axes have the values 0.24 and 1.20, Seeliger determines from 
Newcomb’s values of the discordances (not those given in the following table, but 
an earlier set of values) that the 

Density of the inner ellipsoid = 0.0000000000252 sun's density 
Density of the outer ellipsoid = 0.000000000000026 “ 
Total mass = 0.000000035 sun’s mass 
Inclination of equator of I == 6°.56 

Longitude of node of I == 40°.63 

Using these elements of the zodiacal light Mr. Doolittle has calculated the effect 
upon the elements as shown in the last column of the following table, in which dz 
is the change of perihelion in a century, dQ that of the node and di that of the 
inclination of the orbit. It appears from this that the discordances between the 
theory and the observations can be quite satisfactorily accounted for on the 
supposition of perturbations by the matter which produces the zodiacal light. 


Discordances Perturbations 
Newcomb Doolittle caused by the 
Zodiacal Light 
Mercury : id ~ 
edr +8.64 +9.33 +8.49 
sin idQ + 0.61 +0.45 + 0.62 
di +0.38 +0.40 -+-0.49 
Venus 
edr —0.10 —9.09 +-0.05 
sin idQ +0.60 + 0.63 +0.60 
di —0.05 —0.05 +0.20 
Earth 
edr +0.23 +0.23 +-0.09 
Mars 
edr +0.76 +0.81 +0.56 
sin idQ +0.03 —0.09 + 0.21 


di —0.01 +0.03 —0.01 
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Toning Lantern Slides. —A very old method of toning lantern slides has 
been rediscovered by a correspondent of a contemporary, who expresses great 
approval of the results, but also some doubt as to the permanency. The method 
consists merely of bleaching the blacktoned slide with mercury bichloride, and 
leaving it in that condition. With regard to permanency we have no reason to 
suspect this, though if such a slide be treated with ammonia or sulphite the result 
will fade in course of time. In any case, as such treatment does not seem to affect 
the colour of the projected image, there is nothing gained by supplementing the 
bleaching process. Many of these old methods of toning are worthy of re-trial, but 
it should be remembered that the effect of some of them varies a great deal with 
the brand of plate used, and in all cases this is an important factor for consideration. 
We may note that while mercury-bleached slides seem permanent, there is evidence 
that some other methods of mercury treatment produce results that seem to lose 
substance in the heat of the lantern, and in time become too weak to be of any 
use. We are not, therefore, inclined to advocate any of them for slides that are 
valued. (Brit. Jour. Phot. Jan 31, 1913.) 





Lantern Slide Making.— While the following note, taken from the report 
of a lecture by Mr. John H. Gear to the Royal Photographic Society of London 
(Brit. Jour. Phot. Jan. 31, 1913) does not relate directly to the making of astron- 
omical lantern slides, it may give useful hints to some of our readers. 

“The slide, even more than any method of printing—and I cannot emphasize it 
too strongly—requires perfect and careful technique; there is too great a tendency 
to be satisfied with the mere transcript of the negative, made, perhaps, in a careless 
manner, and to say, ‘it is only a slide. No process of lantern-slide making is 
more suitable for pictorial expression than the ordinary gelatino-bromide method 
We can do more with that process than with any other of the various methods that 
are offered to us. In the first place, it is often desired to reproduce diagrams, or 
possibly a map which is to bring before the eyes of the audience the district treated 
upon in the lecture. How rarely do we see that slide made as it should be made, 
with a perfectly white ground and absolute opacity in the lines! If the slide is 
made by the wet-plate process it is easy to produce a good result, but it is not so 
easy to produce a good black and white slide by the gelatino-bromide process. 

“In order to produce a perfect slide in black and white it is necessary, of course, 
to have a good black and white negative to start with. It isnot within the province 
of the subject this evening to deal with the negative, but it is necessary to point 
out that if we have a negative the opacity which is not as great as it should be, 
and the lines on the negative which represent the black lines of the copy are not 
absolutely transparent, we shall have difficulty in the production of the slide. It is 
essential to give the minimum exposure that will produce sufficient opacity, to use 
a slow plate, preferably a Process plate, which must be well backed. It should be 
developed with a reducing agent which will give us the maximum amount of 
deposit. I recommend the hydroquinone developing solution, carefully balanced for 
the purpose of getting black and white. The detailed formula for the developing 
solution used in making the negative is as follows:— 


No. 1.—Hydroquinone ..........00.cc000.00-08 300 grs. 
Potassium bromide ................. 50 grs. 
Sodium sulphite ...............0s000- 3 o0zs. 
EC Cae 20 ozs. 

No. 2,—Sodium hydrate ............ el 200 grs. 
IE Os contcearnineiakcbceneonemenes 20 ozs. 


For use, one part of each and two parts of water. 
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“We develop the plate, reducing as much of the silver bromide as we can to get 
great opacity, and we must be careful not to produce a deposit or fog upon the black 
lines of the copy, which should be represented in the negative by absolute plain 
gelatine, frequently termed ‘clear glass’. A deposit on the lines may be produced 
by imperfect illumination of the copy, or by violet or blue in the ink of the copy, 
which to all intents and purposes appears as black; therefore, it will be found an 
advantage to use a light-filter of some considerable depth when making the nega- 
tive; that will help one to overcome one of the first difficulties or stumbling blocks. 
The negative must then be submitted to the same treatment as the slide, to whic 
I shall refer in a moment. 

“It matters not whether we make our slide by contact or reduction: apart from 
the exposure, the process is practically the same. Here, again, the plate should be 
selected especially for giving black and white, and to that end, whether the process 
be contact or reduction, it is absolutely necessary that the plate should be carefully 
backed. It is developed precisely as we develop our negative, with the same solu- 
tions. Having developed the plate—whether the slide or the negative—to its 
maximum density, it is fixed and washed for a short period. This washing in both 
cases is essential. It is then reduced in a strong reducing bath of ferricyanide of 
potassium and hypo to clear the lines, and the whole of any deposit must be taken 
from these lines, then the negative or slide can subsequently be intensified in 
order to get the maximum density in the ground or lines as the case may be, 
without fear of increasing any unwanted deposit. If the slide be first bleached in 
mercuric chloride, washed, and then darkened with silver cyanide, one will obtain 
a slide which is as good as it is reasonable to expect upon a dry plate.” 





From an Oxford Notebook. — Professor Schlesinger must have had immense 
satisfaction in the success of his suggestion to combine the dedication ceremonies 
of his fine new observatory at Allegheny with the meeting of the Astronomical and 
Astrophysical Society of America. It would, indeed, have been strange, if a gather- 
ing with such a double purpose had not been successful, but it is not necessary for 
satisfaction that there should be anything unexpected. Allegheny is where Langley 
first began to use his bolometer, and some of us remember his account of this work 
given to the R. Ast. Soc. in 1885, when it was almost new. He had begun “five or 
six years before” with a thermopile, but found the effect of the atmosphere trouble- 
some. “We were then occupied for a considerable time in perfecting an apparatus 
more accurate than the thermopile to carry those investigations further. Now we 
have an instrument which I have called the bolometer. ...In the course of using these 
instruments we fitted out from the Observatory, with’ the aid of a citizen of 
Pittsburgh and the U. S. Government, an expedition to ascend one of the highest 
mountains in its territories....... In ascending to this height of from 12,000 to 15,000 
feet I have been lately struck with the immense advantages which such altitudes 
afford, not only to the observer in physical astronomy, but in other fields.” Such 
-words call up vivid pictures of the sequel to these pioneer attacks. Six years later, 
Langley was succeeded by Keeler, who took the historic spectrograph of Saturn and 
his rings in the rather unfavorable climate of Allegheny. So far as I am aware, 
Keeler never visited this country, but we feel as though we had known him well. 
He was called to direct the Lick Observatory in 1898, and was succeeded by Wads- 
worth, Brashear, and the present Director. It is a history to be proud of, and in an 
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eloquent address on the “Responsibilities of an Observatory Staff, Professor Schles- 
inger gives us evidence that he feels the stimulation of such a record. It is his 
pious determination to use the fine equipment with which he has been provided “to 
push forward the frontier of human knowledge,” and he is undoubtedly competent 
for this great aim. One of the hopes we may formulate for him is that the staff 
may be numerous enough to handle the considerable equipment, and especially that 
it may include enough computing and printing resources to ensure that the observa- 
tions are not only made but promptly reduced and published. This very necessary 
department of an observatory is often overlooked, not by the Director, but by his 
subsidizers. (The Observatory, Jan. 1913.) 





New Hydrogen Lines.—At the meeting of the Royal Astronomical Society 
(London) on December 13, 1912, Professor Fowler presented a very important paper 
giving the results of recent experiments in which he has succeeded in photographing 
in the laboratory, certain lines in the spectrum of hydrogen which have hitherto 
been observed only in the spectra of stars or nebule and the solar chromosphere; 
also certain lines; predicted by means of the formula of Professor Rydberg, which 
have not hitherto been observed at all. The method of producing the lines was to 
pass a very strong condensed electrical discharge through an ordinary vacuum tube 
containing a mixture of hydrogen and helium. The tubes were provided with 
quartz windows for the photography of the ultra-violet lines. The wave-lengths 
determined for the lines of Rydberg’s ‘Principal series” are 4685.98, 2733.34, 2385.47 
and 2252.88. The first of these’ agrees in position with a nebular line for which 
Wright gives the wave-length 4685.7. A new ultra violet series (wave-lengths, 
3203.0, 2511.31 and 2306.20) converges to the same limit as Rydberg’s Principal 
series, and Professor Fowler calls it provisionally the second Principal series. In 
concluding Professor Fowler said: “To my mind, the reproduction of these lines of 
cosmic hydrogen is only another indication that there are no special kinds of matter 
in celestial bodies, and that all the lines in the spectra of the heavenly bodies will 
be reproduced in the course of time if we only keep our eyes open.” 





Meteorology in the Far East.—At the suggestion of Professor Nakamura; 
in charge of the meteorological service of Japan, there will soon be held a meeting 
of the directors of the meteorologic observatories in the Far East—the first assembly 
of its kind. Practical meteorology has made great progress in that part of the world 
in recent years. Notable steps have been the extension of the Phillipine Weather 
Bureau to outlying islands favorably situated for keeping track of typhoons; the 
organization of a complete meteorological service in Indo-China; the establishment 
of a telegraphic weather service along the whole China coast, and to a rapidly grow- 
ing extent in the interior of China, under the Zikawei Observatory, at Shanghai; 
the creation by the Germans of a local service for Kiao-chau, with headquarters at 
Tsingtao; and the organization of an excellent service in Korea, under Japanese 
auspices. It is understood that China intends to establish a national weather 
service, with headquarters at Peking, but no details of this plan are yet known, 
(Scientific American, Feb. 15, 1913.) 
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Solar Radiation Concentrated by Clouds.—In the Bulletin of the 
Mount Weather Observatory Messrs. H. H. Kimball and E. R. Miller call attention to 
the paradoxical fact that clouds, when favorably situated, sometimes increase the 
intensity of radiation from sun and sky, received by a body on the earth, as much as 
40 per cent over what would be received if the sky were perfectly clear; while 
increases of 10 per cent from this cause are quite common. This is shown by the 
records of the horizontally exposed Callendar pyrheliometer, which makes a contin- 
uous registration of the vertical component of the radiation from sun and sky, and 
the phenomenon is explained by the fact that radiation reflected from the cloud 


surface is added to that coming directly from the sun. (Scientific American 
February 15, 1913.) 





The Observer’s Handbook for 1913.—This little book of 72 pages is 
published by the Royal Astronomical Society of Canada, and is a convenient hand- 
book for the amateur. It gives an ephemeris of the sun, times of rising and setting 
of the sun in latitudes 44°, 46°, 48°, 50° and 52°, list of occultations as seen at 
Ottawa in 1913, calendar of astronomical events for each month, ephemeris for 
physical observations of the sun, eclipses in 1913, comets of 1912, meteors and 
shooting stars, elements of the solar system, maps of the constellations and a 
review of recent progress in astronomy. 





On the Spectrum of the Nebula in the Pleiades.—The nebula in 
the Pleiades would doubtless naturally be placed in the class of gaseous nebule, 
where it was assigned by Miss Clerke*, since in its prominent characteristics it 
resembles more the great nebula in Orion—the typical gaseous nebula—and the 
filamentous nebula in Cygnus, N.G.C. 6960 and 6992+, than it does the more numerous 
class of spiral nebule; but in consequence of its faintness, its spectrum hitherto 
seems not to have been investigated. In the course of similar observations of other 
nebule, I have secured, with a spectrograph attached to the 24-inch refractor, spec- 
trograms of this nebula which reveal a spectrum of more than common interest. 

The first plate I exposed for five and one quarter hours on the night of December 
7, an insufficient exposure, as was of course then realized, but it was thought suffi- 
cient to be useful as a guide to a successful long exposure; the second one during the 
nights of December 11, 12 (mostly cloudy), and 13, with a total exposure of about 
twenty-one hours. The slit having a length of about four minutes of arc was oriented 
east and west; for the first plate it was placed about one and one-half minutes of 
arc south of the star Merope; for the second, three minutes northeast of this star, and 
hence crossing at 45 degrees the bundle of bright nebular filaments lying there. 

The first plate indicated a continuous spectrum in which Hy was faintly recog- 
nizable and possibly also Hd; but no traces could be seen of the bright lines charac- 
teristic of the gaseous nebule, although the expusure was thought to be enough to 
have recorded, at least faintly, the brighter ones. This led to making the second 
exposure on the assumption that the spectrum of the nebula is continuous. 

The second spectrogram, while not strong, contains a perfectly legible record. 
It is a continuous spectrum crossed by strong hydrogen lines—Hf, Hy, Hé, He, and 
Hi showing, and fainter helium lines, those at 4026, 4381, and 4472 (combined with 
4481), being recognizable. It contains no traces of any of the bright lines found in 


‘ a4 
* See ‘Problems in Astrophysics,"’ page 420. 
+ Uupublished observations of these nebulz# show their spectra to contain the bright 
nebular lines. 
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the spectra of gaseous nebule. The hydrogen lines are much more prominent than 
are the helium lines, and the whole spectrum is a true copy of that of the brighter 
stars of the Pleiades. 

The nature of the spectrum at once raised the question whether it might not be 
due to light from Merope scattered and reflected by the 24-inch objective. (No cor- 
recting lens was used.) From the time required to get a direct image of the nebula 
a hasty consideration of the dimensions of the spectral image, slit-width and optical 
parts of the spectrograph indicated that the exposure given the spectrogram was 
sufficient to have got some record of the spectrum of the nebula, even if it were con- 
tinuous. Thus, if the deposit were due to light of Merope, the absence of bright 
nebular lines would leave the non-action of the nebular light unexplained. More- 
over, the spectrum is not uniform over its whole width, but suddenly is much fainter 
near one edge, a fact accounted for by the slit extending beyond the bright part of 
the nebula, but hardly explainable on the supposition of star light scattered in the 
instrument. However, I tried to test the matter by making an exposure—under the 
same instrumental conditions—to Sirius, located off the slit as was Merope, giving 
the plate ten minutes, which from consideration of magnitude is more than equiva- 
lens to twenty-one hours to Merope. Off to one side on this same plate were made 
two brief exposures to the Orion Nebula—instrument as before—one of fifty, the 
other of two hundred seconds. The developed plate gave no evidence of scattered 
light from Sirius, but even the shorter exposure to the nebula showed several of the 
brighter nebular lines. Thus it seems safe to conclude that the nebula near Merope 
recorded itself upon the plate, and that the nebula shines by light the spectrum of 
which is a true copy of that of the neighboring star Merope and of the other bright 
stars of the Pleiades. 

The light of this nebula, which gives, technically speaking, a stellar spectrum, 
would naturally be accredited a stellar origin; but does the nebula shine by inherent 
light or by reflected light borrowed from the neighboring stars? It is conceivable 
that stars sufficiently numerous and remote—doubtless more remote than are the 
Pleiades—could give the appearance of nebula. However, that such a background 
of stars should be composed so predominantly of one spectral type and that that 
type should be the one characteristic of the bright stars of the Pleiades seems im- 
probable. Besides, if this condition obtained, the well known deficiency of faint 
stars in the Pleiades which has been attributed to the nebula’s absorbing the light 
of the stars in the background, would be left unexplained. For a long time it has 
been thought that the nebula and the bright stars were physically associated, and 
the identity of the spectral type of the stars and nebula should place their intimate 
association above question. None of these facts appear to conflict with the assump- 
tion that the nebula is disintegrated matter similar to what we know in the solar 
system, in the rings of Saturn, comets, etc., and that it shines by reflected star light. 
The chief test of this assumption is that of illumination. As seen from the part of 
the nebula observed spectrographically, Merope would appear as a star of about 
—11 magnitude and Alcyone two or three magnitudes fainter. Thus Merope would 
be nearly as bright as the full moon, whose stellar magnitude is about —11.7. In 
this consideration the stars and nebula are assumed to lie in the plane perpendicular 
to the sight-line, and in consequence these values are probably nearly one magnitude 
too great. Even so they indicate that a surface located as is the nebula should be 
sufficiently illuminated by the star light to be visible, and thus there seems to be 
support for the conclusion that the Pleiades nebula shines by reflected light. 

This observation of the nebula in the Pleiades has suggested to me that the 
Andromeda Nebula and similar spiral nebule might consist of a central star enveloped 
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and beclouded by fragmentary and disintegrated matter which shines by light 
supplied by the central sun. This conception is in keeping with spectrograms of the 
Andromeda Nebula made here and with Bohlin’s value for its parallax. 
V. M. SLIPHER. 
Flagstaff, Ariz., December 20, 1912. 
Lowell Observatory Bulletin No. 55. 
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Erratum.—A reader points out an error which somehow crept into our notes 
on “Astronomical Phenomena” in the January number. On page 38 the line 

* “Venus will be at greatest elongation east from the sun, 18° 19’, March 10” etc. 
should read 
Venus will be at greatest elongation east from the sun, 46° 43’, Feb. 11, ete. 









